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ABSTRACT 
A digestion trial was conducted to evaluate a source of readily degradable 
protein and the polyether ionophore monensin on the accumulation of peptides and 
starch digestion in steers fed a high concentrate diet. Four dietary treatments : 1) 
urea supplement (urea), 2) soybean meal supplement (SBM),3) urea plus monensin 
(urea +) and 4) soybean meal plus monensin (SBM +) were compared in a Latin 
Square 4x4 experimental design using four crossbred steers (BW = 280 ± 34 kg). 
Feeding SBM (P<.001) or monensin (P<.05) increased the concentration of peptides 
in ruminal fluid. Feed consumption was not affected by source of supplemental N or 
monensin (P>.05). Monensin decreased apparent organic matter digestion in the 
rumen (P<.10). Ruminal digestibilities of NDF, ADF and starch were not affected by 
supplemental N or monensin (P>.10). Ruminal starch digestion, however, tended to 
be decreased by monensin (P =.18). Total tract digestibilities of OM, NDF, ADF and 
starch were not affected by source of supplemental N or monensin (P>.10). 
Supplemental SBM increased the flow of undegraded feed-N (P<.10). Monensin did 
not affect the flow of undegraded feed N (P>.10). Microbial efficiency calculated as g 
bacterial N/kg OM digested in the rumen was not affected by treatments, although a 
numerical increase (P = .15) was observed with monensin. Microbial efficiency 
calculated as g bacterial N/kg starch digested in the rumen was improved when 
steers were fed SBM (P<.10) whereas there was no effect from feeding monensin. 
No significant effects of monensin on the molar proportions of ruminal acetate were 
observed (P>.10). Monensin increased the molar proportions of ruminal propionate 
when steers were fed urea-supplemented diets but not when fed SBM-
X 
supplemented diets (protein by monensin interaction, P<.001). Neither source of 
dietary N nor monensin influenced ruminal NH3-N concentrations. 
Results are interpreted to indicate that accumulation of peptides in rumen 
fluid did not increase starch digestion. This study found no evidence to support in 
vitro studies that have shown that non-structural carbohydrate fermenting bacteria 
benefit from peptides present in the medium. 
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CHAPTER 1. INTRODUCTION 
The amino acid status of ruminant animals depends on the kinetics of protein 
metabolism in the rumen. Proteolysis, peptide and amino acid utilization, microbial 
growth and amino acid deamination all represent important aspects of the process 
that ultimately will impact the supply of amino acids for absorption. Ammonia is 
considered the most important source of nitrogen (N) for microbial protein synthesis 
in the rumen (Wallace and Cotta, 1988), and its concentration in the rumen is the 
result of the degradation rates of N sources and utilization that is related to 
carbohydrate fermentation (Sauvant and van Milgen, 1995). Ammonia is utilized as 
a N source for microbial growth when sources of ruminally degradable carbohydrate 
are available; however, a low supply of fermentable carbohydrates in the rumen will 
result in less utilization relative to degradation (Wallace, 1996). 
There is strong evidence that peptides play a major nutritional role in some 
rumen bacteria as a source of both carbon and nitrogen. Amino acids and especially 
peptides stimulate growth rate and growth yield of ruminal microorganisms grown on 
rapidly degraded energy sources (Wallace, 1996). In vitro studies have 
demonstrated that amino acids or peptides increase microbial growth (Argyle and 
Baldwin, 1989; Griswold et al., 1996; Jones et al., 1997). The Cornell Net 
Carbohydrate and Protein System (Russell et al., 1992) indicates that digestion of 
structural carbohydrates in the rumen is performed by microorganisms that require 
only ammonia as their source of nitrogen, whereas bacteria that digest non­
structural carbohydrates benefit from amino acids. Based on data obtained from in 
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vitro studies, it has been proposed that bacteria digesting readily available 
carbohydrates in cattle fed diets containing high non-structural carbohydrates and 
degradable proteins will produce and utilize peptides at the expense of ammonia 
production from protein (Griswold et al., 1996; Jones et al., 1997). 
Monensin sodium is a polyether ionophore that is extensively used in the beef 
cattle industry (Goodrich et al., 1983). It has been demonstrated that monensin 
influences the rumen fermentation pattern and improveds feed efficiency (Zinn, 
1987) by decreasing the production of methane (Chen and Wolin, 1979; Callaway, 
1997) and by increasing the ratio of ruminal propionate to acetate (Mbanzamihigo 
et al., 1995; Russell, 1996). Moreover, monensin decreases the rate of ammonia 
production in vitro (Chen and Russell, 1989; Yang and Russell, 1993) and in vivo 
(Yang and Russell, 1993; Lana and Russell, 1997). In addition, the increase in 
peptide accumulation reported from studies in vitro (Whetstone et al., 1981; 
Callaway et al., 1997) and in vivo (Wallace et al., 1990; Yang and Russell, 1993a) 
reflect a protein-sparing effect. Gram-positive, highly deaminative species of 
Peptostreptococcus and Clostridium which are sensitive to monensin may in part be 
responsible for this protein sparing effect (Russell, 1996). 
Trenkle (1995) speculated that the increase in feed intake by steers fed 
monensin-supplemented high-starch diets containing degradable protein from alfalfa 
or soybean meal might have been the result of peptides or amino acids produced 
from the degradation of protein. The available peptides and amino acids could have 
improved the digestion of the high-starch diet. 
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Considering the fact that ionophores can reduce the rate of amino acid 
deamination and also lead to the accumulation of peptides in the rumen which may 
improve growth of non-structural carbohydrate fermenting bacteria, it was 
hypothesized that an increase in peptide accumulation in the rumen would improve 
rumen starch digestion. Thus, a digestion trial was conducted to evaluate the effects 
of a source of readily degradable protein, soybean meal and the ionophore 
monensin on the accumulation of peptides and starch digestion in steers fed a high 
concentrate diet. 
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CHAPTER 2. LITERATURE REVIEW 
Aspects of rumen proteolysis 
The mixed rumen microbial population has a moderate proteolytic activity. 
Rumen ciliate protozoa, bacteria and anaerobic fungi ail contain a variety of 
proteolytic enzymes. Trypsin, chymotrypsin and leucine amino peptidase-like 
activities are some of the types of proteolytic enzymes present in the rumen 
(Wallace and Cotta, 1988). The main category of proteinases in mixed rumen 
contents is cysteine proteinase, although serine proteinases are also present 
(Wallace and Brammall, 1985). The proteolytic activity and the bacterial population 
involved in protein degradation are considered to be diet dependent and, as such, 
the accumulation of peptides derived from protein digestion in the rumen will vary 
depending upon the source of dietary protein (McKain and Wallace, 1997). 
Peptides and amino acids are intermediate compounds in the conversion of 
protein to ammonia in the rumen (Wallace, 1994). Although the absorption of 
peptides and amino acids through the rumen wall has been reported (Leibholz, 
1971; Webb et al., 1992), some peptides resist fermentation and pass from the 
rumen with the digesta. 
The utilization of a source of rapidly degraded protein, such as casein, leads 
to a transient accumulation of amino acids in the rumen (Annison, 1956; Broderick 
and Craig, 1989), whereas a less degradable protein like zein or ovalbumin does not 
result in amino acid accumulation (Annison, 1956; Broderick and Wallace, 1988). 
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Peptides also accumulate in the contents of the rumen after feeding, forming 
a significant nitrogen pool (Annison, 1956; Chen et al., 1987a: Chen et al., 1987b; 
Broderick and Wallace, 1988). Again, the less degradable protein may not lead to 
accumulation of peptides. In studies performed with sheep, Broderick and Wallace 
(1988) did not observe an accumulation of peptides in the rumen after ovalbumin 
was incorporated in the diet, whereas the contrary was found with casein. Mangan 
(1972) reported similar findings with regards to peptide accumulation using 
ovalbumin. Chen et al. (1987a) reported that soybean meal produced more peptides 
than did extruded soybean meal or fishmeal in dairy cows, supporting the concept 
that more degradable proteins result in accumulation of peptides. However, studies 
performed by Williams and Cockburn (1991) indicated that the degree of peptide 
accumulation was poorly related to degradability or solubility of the proteins utilized 
in their study, which was performed with steers. 
The concentration of peptides in the ruminal fluid seems to peak shortly after 
the meal is consumed, falling rapidly from 2 to 3 h after feeding. Annison (1956) 
indicated that the peptide concentration in the rumen fluid of sheep fed alkali treated 
straw, starch, sucrose and molasses supplemented with casein was 2-10 mg N/L at 
resting conditions increasing five-to ten-fold after feeding. The levels reached those 
at prefeeding after 2 to 3 h. Mangan (1972) and Wallace and Cotta (1988) reported 
similar values in terms of peptide accumulation by feeding diets containing casein to 
cattle and sheep respectively. Williams and Cockburn (1991) indicated that the 
peptide-N concentrations reached pre-feeding levels 3 to 4 h after feeding. Contrary 
to this, Chen et al. (1987a, b) reported that the peptide concentration did not fall as 
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rapidly following the post feeding peak. Concentrations up to 64 mg/L were found up 
to 8 h after feeding. Studies developed to evaluate the above ninhydrin colorimetric 
values (Wallace and MacKain, 1990), however, indicated that the ninhydrin 
procedure overestimated the peptide content. This overestimation was the result of 
false readings produced by the reaction of ninhydrin with compounds other than 
peptides such as ammonia, and, therefore, the colorimetric procedure mentioned 
above should be used with caution. 
The composition of the diet and nature of the proteins present in the diet have 
a major influence on peptide accumulation in the rumen; however, only a small 
proportion of peptides would be expected to survive more than a few hours and 
therefore pass from the rumen undegraded. The flow of peptide-N with the digesta is 
suggested to be about 5% or less of the total nitrogen flow (MacKain and Wallace, 
1997). 
The degradation of peptides by the mixed bacterial population in the rumen is 
thought to ocurr at different rates. In fact, the amino acid sequence of a peptide is a 
major factor determining its rate of hydrolysis (MacKain and Wallace, 1997). 
Broderick et al. (1988) demonstrated that gly-gly, pro-Xaa or Xaa-pro residues (Xaa 
= any amino acid residue) in individual peptides appear to be more resistant to 
degradation, while Chen et al. (1987b) reported that rumen bacteria deaminated 
hydrophilic peptides at a faster rate than peptides containing hydrophobic amino 
acids. Chen and co-workers concluded that hydrophobicity was a more important 
factor than chain length in the regulation of peptide metabolism. Wallace et al. 
(1990b), however, indicated that, when individual peptides were studied, there was 
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no evidence of the relationship pesented in the study by Chen et al. (1987b). 
Broderick et al. (1988) and Wallace et al. (1990b) showed that Ala4 was more 
rapidly removed than Ala3; whereas the rate of hydrolysis of Ala2 was considerably 
slower than the other oligomers. Aminopeptidase activity in the rumen, which is 
considered to be the major type of peptidase activity, also appears to influence the 
rate of peptide degradation (Broderick et al., 1988). Thus, amino-terminally blocked 
peptides, such as in amino-terminal acetylation, may result in a greater degree of 
resistance to degradation (Wallace, 1992). Many naturally occurring proteins are 
amino-acetylated, and it is possible that hydrolysis of these proteins will result in 
amino-acetyl peptides preventing them from further hydrolysis. 
The peptide hydrolysis performed by mixed ruminal bacteria is considered a 
biphasic process (Wallace, 1996). The peptides are cleaved from the polypeptide 
chain by a dipeptidylpeptidase in a stepwise fashion. Research involving alanine 
peptides demonstrated that Ala2 accumulated during the breakdown of Ala4, but 
almost no Ala3 was detected. Similarly, hydrolysis of Ala5 resulted in accumulation 
of Ala2 and Ala3 but not of Ala4. This observation suggested that the mechanism 
responsible for peptide hydrolysis was dipeptidyl peptidase (Wallace et al.,1990b). A 
dipeptidyl peptidase is an amino peptidase that cleaves dipeptides from the amino-
terminus of peptides. The dipeptides released are then broken down by a separate 
dipeptidase activity. 
A schematic representation of this hydrolytic mechanism is shown in Figure 
2.1. 
8 
Dlpepddyl 
peptidase 
•• •• ••• 
COOH 
DipepUdase 
Tripeptidase 
• •• 
Amino acids 
Figure 2.1 Proposed mechansim of peptide hydrolysis in the rumen (From 
Wallace, 1996) 
Microbiology of peptide breakdown 
Proteolysis in the rumen is a digestive activity performed by a variety of 
species of bacteria, protozoa and fungi (Wallace, 1991). A large proportion of the 
bacteria in the rumen possesses proteolytic activity, and up to one half of the total 
viable bacteria isolated from the rumen can be proteolytic (Wallace and Brammall, 
1985). However, the principal ceilulolytic bacteria do not appear to be proteolytic. 
Prevotella ruminicola is considered the principal proteolytic bacterium in the 
rumen (Wallace, 1991; Nolan, 1993). Strains Butyrivibrio fibn'solvens, 
Ruminobacter amylophilus, Streptococcus bovis, Megasphaera elsdenii, Clostridium 
sp, Eubacterium ruminantum, Fusobacterium sp. and Selenomonas ruminantiumjare 
also present in significant numbers (Wallace, 1991). R. amylophilus, which is a 
highly amylolytic as well as proteolytic, is one of the most active proteolytic species 
and is important in high-starch diets. An interesting feature of this bacterium is that it 
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produces protease when grown on a sinnple, defined medium with no amino acids or 
protein present and the products of hydrolysis are not utilized; instead, it relies on 
NH3 for its cell N (Nolan, 1993). Its gratuitous protease activity is considered to be a 
vehicle to break down structural protein within cereal particles and thus exposing the 
starch granules for amylolytic attack (Wallace and Cotta, 1988). The proteolytic 
activity of R. amylophilus is cell associated but is located in the outer layers of the 
bacterial cell. 
P. ruminicola strains have been obtained from ruminants fed roughage as 
well as mixed concentrate-containing diets, and they have been recognized as 
principal members of the microbial community in the rumen (Stewart and Bryant, 
1988). P. ruminicola possesses both protease and peptidase activities, but unlike R. 
amylophilus a substantial proportion (38%) of the peptides and amino acids 
produced are incorporated into bacterial protein (Wallace, 1986). P.fuminicola is the 
only bacterial species with a high dipeptidyl peptidase activity, and it also has the 
capacity to cleave dipeptides from the longer peptides. Therefore, bacteria of the P. 
ruminicola type are important in the conversion of protein to ammonia due to their 
proteinase, peptidase and deaminase activities (Wallace and Brammall, 1985). 
Nevertheless, the pattern of peptide hydrolysis might be expected to change with 
diet because of changes of numbers of P. ruminicolayjith different diets (McKain 
and Wallace, 1997). 
Proteolytic S. fibrisolvens also occurs in the rumen under a variety of 
conditions, and it can be a predominant proteolytic organism isolated from some 
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animals. It has an extracellular serine protease activity, and, as P. ruminicola, it can 
grow in a medium containing protein as a sole source of N (Wallace, 1986). 
S. bovis is considered an opportunistic organism in the rumen; it grows 
rapidly but inefficiently on starch and sugars, and thus is a predominant bacterium 
when diets rich in grain are fed (Russell, 1993). S. bovis has a cell-bound activity 
and a serine protease type, but its most notable property is its high leucine 
aminopeptidase activity. Other peptidase activities including di- and tripeptides are 
associated with S. bovis cell walls. Nevertheless, the most important feature of this 
bacterium is its ability to grow very rapidly when excess carbohydrates are fed 
(Wallace. 1986). 
Late in the 80s, two Gram-positive rumen bacteria, a Peptostreptococcus and 
a Clostridium were isolated (Russell et al., 1988). The isolates were unable to use a 
variety of carbohydrates as energy sources, but they were able to grow rapidly with 
peptides or amino acids as the only source of energy. The specific activity of 
ammonia production is considerably higher than previously examined rumen 
bacteria. However, it is important to emphasize that the isolates reported by Russell 
and co-workers are present in small amounts in the rumen fluid, and they were 
isolated from a limited number of animals. Thus, in the rumen microbial population 
there are two groups of organisms with specific activities for ammonia production. 
One is present in large numbers but with low specific activity, and the counterpart is 
present in low numbers but with much higher ammonia production (Russell, 1996). 
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Anabolic utilization of amino acids by rumen bacteria 
The rumen microbiota has no absolute amino acid requirement, and it is 
considered that the mixed microbial population can have their amino acid 
requirement satisfied by cross-feeding (MacKain and Wallace, 1997). Nevertheless, 
there is strong evidence that supplemented amino acids and peptides stimulate 
microbial protein synthesis. Since the early studies performed by Nolan (1975) 
utilizing ^®N, it was reported that up to half of microbial N is derived from non-
ammonia N sources, predominantly peptides and amino acids. In vitro studies 
carried out by Argyle and Baldwin (1989) in which the objective was to analyze the 
stimulatory effect of amino acids on microbial growth in cultures demonstrated that 
availability of amino acids and peptides is an important factor affecting the microbial 
growth. Those researchers demonstrated that small amounts of amino acids or 
peptides greatly increased the growth of mixed cultures of rumen bacteria when 
compared with the growth obtained with ammonia as the sole N source. Cotta and 
Russell (1982) studying the effect of peptides and amino acids in continuous 
cultures on five species of rumen bacteria also reported higher yields of bacterial 
protein with inclusion of amino acids and peptides in the media. Similar findings 
were reported by Russell and Martin (1984) and Russell and Sniffen (1984) who 
observed improved growth of mixed bacteria in incubations treated with trypticase. 
Cruz-Soto et al. (1994) reported that the addition of peptides stimulated the growth 
rate of pure cultures by more than 70% in comparison with amino acids. In vivo 
results, however, showed no effect of peptides or amino acids on numbers of viable 
bacteria in the rumen of sheep fed forage-based diets. Contrary to the in vivo report 
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by Cruz-Soto et al. (1994), Chikunya et al. (1996), studying the response of rumen 
fermentation to pre-formed amino acids, in the form of casein, compared to non­
protein N in diets fed to sheep, reported that total viable bacteria doubled in number 
in response to pre-formed amino acids when a diet based on sugar beet pulp plus 
casein was compared to a diet based on sugar beet pulp plus urea. However, the 
determination of specific bacterial species stimulated by casein was not carried out 
in the study by Chikunya et al. (1996). 
The Cornell Carbohydrate and Protein System (Russell et al., 1992) 
recognizes that the microbial ecosystem in the rumen can be divided into two 
groups. One is represented by bacteria that hydrolyze structural carbohydrates and 
use ammonia as the only N source. The second which ferment non-structural 
carbohydrates such as starch, pectins and sugars can utilize either ammonia or 
peptides as an N source. Therefore, it is considered that bacteria present in the 
rumen of animals fed diets rich in non-structural carbohydrates may obtain optimal 
growth when peptides and amino acids are available, while cellulolytic bacteria do 
not respond in the same manner to such protein resources. Griswold et al. (1996) 
and Jones et al. (1997) reported that peptides and amino acids improved 
fermentation parameters such as OM digestion and microbial growth in continuous 
cultures of rumen contents. Based on their in vitro findings, these researchers 
speculated that cattle fed diets containing a high level of NSC as well as degradable 
protein may affect the production and utilization of peptides by bacteria that digest 
readily available carbohydrates. The utilization of peptides is performed at the 
expense of NH3-N production from protein and other N sources. 
13 
lonophores, a general overview 
The development of a range of methods of enhancing growth in farm animals 
has resulted as an effort to improve productivity in livestock. Normally occurring 
metabolites of certain molds and bacteria with antibiotic action have been used to 
promote growth in intensive livestock production systems for the last four decades 
(Buttery, 1993). 
The valinomycin class of ionophore antibiotics (e.g. monensin and lasalocid) 
are fermentation products of various actinomycetes; commonly streptomyces spp. 
(Russell, 1996). Those antibiotics were initially developed as coccidiostats for 
poultry, however, later research demonstrated their effectiveness on ruminal 
fermentation and in the mid 70s lonophores were approved as feed additives for 
rations in beef cattle in the US (Russell and Strobel, 1989). lonophores affect rumen 
fermentation by increasing the molar proportion of propionate (Richardson, 1996), 
decreasing menthanogenesis (Chen and Wolin, 1979), and inhibiting proteolysis and 
deamination (Wallace, 1991). 
Nowadays, monensin is the ionophore most extensively used, but others 
including laidlomycin propionate and lasalocid are also used commercially. 
Mode of action of ionophores 
lonophores are molecules with structural backbones that contain strategically 
spaced oxygen atoms. The backbone is capable of assuming critical conformations 
that focus these oxygens about a ring into which a compiexible cation may fit more 
or less snugly (Pressman, 1976). Monensin, a polyether monocarboxilic acid 
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molecule produced by the strain of Streptomyces cinnamonensis, has the capacity 
to bind either metal ions or protons, and it acts to dissipate ion gradients across the 
cell membrane (Russell and Strobel, 1989). 
Carboxylic ionophores have a common feature of a carboxylic at the head of 
the molecule and one or two hydroxyl groups at the tail. The molecules are cyclized 
by head-to-tail hydrogen bonding and further stabilized by twists in the asymmetric 
centers and rings in the backbone. The oxygen ligands in the molecule consist of 
functional groups such as ether, alcohol, carboxyl and amide, which are filled in 
black circles in the monensin molecule shown in Figure 2.2. 
Figure 2.2 Molecule of the ionophore monensin (From Pressman, 1976) 
Monensin ectahedrically coordinates Na"", which has an ionic radius of 
0.95 A (Voet and Voet, 1995); however, it has been demonstrated that it has the 
ability to translocate potassium (Russell and Strobel, 1989), which possesses an 
ionic radius of 1.33 A. 
o o 
CIl 
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The carboxylic ionophores form cationic complexes only in their protonated 
anionic form. Ideally, they carry anions as electrically neutral zwitterions: however, 
they do have minor modes of transporting current as multimoiety complexes. They 
are capable of carrying protons on their protonated carboxyl forms (Pressman, 
1976). 
The cycle of a carboxylic ionophore-catalyzed cation-for-proton exchange is 
ilustrated in Figure 2.3. 
1) Protonated ionophore within a membrane diffuses to one interface. 
O 
©IH I HI 
H' I-
^ I 
HjO . W . I-
* G) HjO M'. I-
* I 
• . M *  H , 0  
I © 
M*. H,0 
HI IH © 
Figure 2.3 Cycle of a carboxylic ionophore indicating the proton exchange 
(From Pressman, 1976) 
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2) Protonated ionophore within a membrane diffuses to one interface. 
3) Release of proton; the ionophore is trapped at the polar interface due to 
increased polarity of charged anionic form. 
4) Ionophore anion encounters a complexible M+ which is engulfed and its 
water of solvation displaced. 
5) Zwitterionic complex break away from the interface and diffuse to the 
opposite interface. 
6) Release of cation coincident with resolvation. 
7) Ionic ionophore combines with a proton; it lowers its polarity and permits 
the ionophore to leave the interface and return to the membrane interior to 
start another cycle. 
The effect of monensin on ruminal bacteria 
The mode of action of ionophores has been reported to interfere with the 
movement of ions through biological cell membranes (Pressman, 1976). Bergen and 
Bates (1984) indicated that monensin mediates primarily Na""- H"" exchange due to 
the high affinity of the ionophore for Na"" compared to K"^, its closest competitor. 
However, research performed by Russell (1987) supported the hypothesis of 
Pressman and Fahim (1982) which stipulated that monensin also mediates a K"" and 
H"^ exchange. According to Russell (1986), the efflux of K"" may have been related to 
the relative concentration gradients of K"^ and Na"" across the cell membrane; 
intracellular K'^concentration is 3 fold greater than that of Na"". When S. bovis was 
treated with monensin, Russell et al. (1989) observed that the concentration gradient 
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of K"^ was more than 25 times greater than the gradient for Na"^. Therefore, 
considering this difference in gradient concentration, the efflux of via monensin 
tended to be more exergonic than did Na"" efflux. The K* efflux would cause an 
increase of H" resulting in a decrease in intracellular pH. Due to the decrease of 
intracellular pH compared to the outside counterpart, an influx of Na"" was driven by 
H"" efflux. It was concluded that, because S. bovis is able to grow with an internal pH 
as low as 5.4, the inhibition of growth observed in S. bovis could have been the 
result of depletion of the ATP pools due to an increase in ATPase activity in an effort 
to counteract monensin-mediated H"" influx (Russell, 1987, Russell) 
A representation of the effect of monensin on transmembrane flux of 
potassium, sodium and protons is presented in Figure 2.4: 
Out 
(high Na*. low K*) 
In 
(high K% low Na+) 
© "• 
o 
Na* 
© 
1 
ATP 
H- <— 
ADP + PI 
H* -4-
Figure 2.4 Transmembrane flux of potassium, sodium and protons mediated 
by monensin. (From Russell, 1996) 
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1) Movement of K"" out the cell and influx of H"" due to the large gradient 
across the cell membrane. 
2) Monensin-mediated Na"^ influx in exchange for H"". The first reaction 
proceeds at a higher rate than the second since monensin molecules can 
dissociate from the cell membrane prior to the second reaction; this results 
in an increase in H'".This H"*" accumulation is then counteracted by the 
exchange of H"" out and Na"" in. 
3) Bacterial cells utilize NaVK"" ATPase pumps and/or proton ATPase pumps 
in an attempt to maintain intracellular pH. Eventually, the cell may die or 
be displaced from its niche in the rumen environment (Bagg, 1997). 
Gram-negative bacteria are characterized by an outer membrane lined by 
phospholipids on the inner surface; the outer membrane is surrounded by irregular 
lipopolysaccharide chains (Russell et al.,1990). Porins allow entrance of low weight 
molecules by formation of hydrophilic channels. The exclusion limit of the porins is of 
approximately 600 daltons (Nikaido and Nakae, 1979), and this feature represents a 
protective barrier to ionophores whose molecular size is greater than 500 daltons. 
Gram-positive bacteria, on the contrary, lack an outer membrane. Even 
though these bacteria possess a thicker peptidoglycan layer than do Gram-
negatives, their porous structure does not represent an obstacle and ionophores can 
penetrate, disrupting the integrity of the biological membranes (Russell, 1996). 
Since the discovery of the antibiotic monensin, it has been recognized that Gram-
positive bacteria are more sensitive to ionophore antibiotics than are Gram-negative 
bacteria (Haney and Hoehn,1968). 
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As a result of monensin, changes in rumen fermentation parameters such as 
decreased methanogenesis, increased production of propionate at the expense of 
acetate, increased ruminal pH and inhibition of the degradation of protein have been 
well documented. Chen and Wolin (1979) studied the sensitivity of a variety of 
carbohydrate-fermenting bacteria. The addition of 2.5 ug/ml of monensin or lasalocid 
completely Inhibited the growth of R. albus, R. flavefaciens and three Butyhvibrio 
fibn'solvens strains. Moreover, P. ruminicola and Fibrobacter succinogenes were 
inhibited by 2.5 ug/ml of either antibiotic at 24 h, but growth was detected after 
longer incubations (74 h). S. ruminantium, on the other hand, grew well in a medium 
containing 40 lag per ml of either antibiotic. 
R. albus and R. flavefaciens are Gram-positive, ceilulolytic cocci that occur 
singly and in pairs and chains. Both species are considered as some of the most 
active bacteria involved in plant cell digestion in the rumen (Bryant, 1986). The major 
products of fermentation are acetate, succinate and ethanol (Stewart and Bryant, 
1988) while minor fermentation products include formate and lactate; the gases 
produced are mainly CO2 and H2. 
B. fibn'solvens, which were studied by Chen and Wolin (1979), are butyric 
acid-producing rods that stain Gram-negative, although electron microscopic studies 
have revealed that cells of this species are ultrastructurally Gram-positive (Chen and 
Costerton, 1977). The wide variety of substrates fermented by S. fibrisolvens make 
this organism very common in the rumen. Formate, butyrate and acetate are the 
major products of fermentation, whereas CO2 is the principal gas produced. 
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The moderately sensitive Gram-negative rods and the insensitive S. 
ruminantium also studied by Chen and Wolin (1979) posses a Gram-negative 
morphology. P. mminicola is considered one of the most numerous rumen bacterium 
when ruminants are fed a variety of diets (Stewart and Bryant, 1988). Selenomonas 
ruminantium, on the other hand, is considered to proliferate in large numbers when 
the animal is fed cereal-based diets. From their results, Chen and Wolin (1979) 
hypothesized that decreases in the production of the major products acetate and 
butyrate by the carbohydrate fermenting bacteria studied was the result of the 
inhibition of the H2-producing bacteria by the antibiotic ionophore monensin and 
lasalocid. The H2 and formate produced by these monensin-sensitive bacteria are 
also the precursors of methane in the rumen. 
Effect of monensin on protein metabolism 
The degradation of the proteins in the rumen is considerably diminished when 
ionophores are incorporated In the diet (Jouany, 1994). Early studies have indicated 
that monensin has a protein sparing effect, and numerous studies both in vivo and in 
vitro have indicated that the presence of monensin reduces ammonia-N production 
in ruminal fluid. Pioneer studies performed by Van Nevel and Demeyer (1977) on the 
effect of monensin on rumen fermentation indicated that ammonia production was 
inhibited in the presence of monensin in the incubation medium. Whetstone et al. 
(1981) reported similar findings from studies performed on a semi-continuous culture 
system. Moreover, Russell and Martin (1984) reported a decrease of more than 50% 
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in ammonia production in studies carried out to determine the effect of methane 
inhibitors on amino acid fermentation by rumen microorganism in vitro. 
The decrease in ammonia production caused by the utilization of monensin in 
studies in vivo is also well documented. Muntifering et al. (1981) reported a lowered 
passage of ammonia-N to the abomasum in steers fed high grain diets. The 
reduction in passage may have reflected a depression of ruminal ammonia levels 
resulting from inhibition of ruminal proteolytic activity. Vanhaecke et al. (1985) 
indicated a significant decrease in ammonia-N concentration in sheep fed hay-
concentrate diet at a ratio of 60:30. Those findings were considered by the 
researchers as a first indication of decreased proteolytic activity in the rumen after 
monensin administration. Wallace et al. (1990) reported an inhibition of ammonia 
production (< 50%) compared with control diets in the ruminal fluid of sheep fed 
grass hay, grass nuts and concentrate. Newbold et al. (1993) reported that 
monensin tended to decrease ammonia concentration in sheep fed a diet based on 
hay, barley and molasses. Moreover, Yang and Russell (1993) indicated that 
ammonia accumulation was decreased by 30% in cows fed timothy hay and SBM. 
The early findings related to the effect of monensin on ammonia production in 
rumen were difficult to explain. Gram-negative bacteria were considered to produce 
more ammonia than the majority of the isolated Gram-positive species. However, 
Russell et al. (1988) observed that mixed cultures produced more ammonia than 
pure cultures of Gram-negative bacteria. These results led to Russell and co­
workers to hypothesize that very active ammonia-producing bacteria might have not 
yet been isolated. They, indeed, were able to isolate two Gram-positive bacteria, a 
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Peptostreptococcus and a Clostridium. Both isolates had specific activities of 
ammonia production much higher than rumen bacteria previously examined (Russell 
et al., 1988; Chen and Russell, 1989). These bacteria are considered obligate amino 
acid fermenters and their sole function is deamination of amino acids (Chen and 
Russell, 1989). Therefore, the protein sparing effect of monensin may be related in 
part to the inhibition of the Gram-positive bacteria isolated by Russell and co­
workers, which presented a high deaminative activity. 
However, Wallace (1996) indicated that, although the decrease in ammonia 
production observed when ionophores are incorporated in the diet is primarily due to 
a partial elimination of high deaminative bacteria, the effect of the antibiotics on the 
deaminative activity of insensitive species should be taken into consideration. 
Newbold et al. (1990) reported that when monensin-insensitive bacteria P. 
ruminicola and Ruminobacter amylophylus grew in the presence of monensin, their 
deaminative activity was greatly diminished. In addition, Newbold et al. (1990) 
indicated that the permeability of the cell envelope of P. ruminicola decreased during 
growth on tetronasin, an ionophore antibiotic toxic to Gram positive bacteria. Thus, 
such alterations in the metabolic activities of P. ruminicola may have originated the 
decrease in deaminative activity. Moreover, it should be emphasized that the studies 
conducted by Russell and co-workers (1988) were based on a limited number of 
animals and caution is advised to interpret the data reported by those investigators. 
So far, it has been emphasized that the degradation of protein in the rumen 
decreases when ionophores are incorporated in diets and a possible effect of the 
ionophores on protein breakdown would be the inhibition of peptide degradation, 
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particularly amino acid deamination (Jouany, 1994). Therefore, the decreased rate 
of peptide and amino acid breakdown allows those molecules to pass from the 
rumen and be utilized in the lower digestive tract. Moreover, the improved 
persistence of peptide and amino acids in the rumen fluid may lead to an improved 
growth yield of organisms which are resistant to monensin (Wallace, 1991). 
A variety of in vitro studies have indicated a reduction in amino acid 
deamination and an increase in peptide accumulation in the presence of ionophores. 
Whetstone et al. (1981), using a semi continuous culture system to study the effects 
of monensin on N metabolism by ruminai microorganisms, reported an increase in 
total peptides in the medium. Russell and Strobel (1989) demonstrated that 
monensin decreased the deamination of amino acids when ruminai bacteria were 
incubated in anaerobic media. Callaway et al. (1997) also reported that even low 
concentrations of monensin caused a significant inhibition of amino acid 
fermentation when studied with mixed and pure cultures of ruminai bacteria in vitro. 
Moreover, in vitro studies conducted by Hillaire et al. (1989) indicated a decrease in 
N degradability of peanut meal induced by monensin, suggesting a protective effect 
of dietary protein in the rumen. 
In addition to the effect of monensin on amino acid fermentation in 
incubations containing mixed ruminai bacteria, Hino and Russell (1985) emphasized 
the increased ratio of intracellular NADH to NAD observed in their study and 
concluded that the reducing-equivalent disposal and intracellular NADH/NAD ratio 
may have had an important effect on amino acid fermentation, specially branched-
chain amino acids. The ionophore may affect the activity of deaminases and 
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transaminases more than that of proteases. As a result of the reduction of methane, 
H"" transfer is modified; thus, the increase in the rate NADH/NAD could explain the 
inhibitory effect of the ionophore on the deaminases (Jouany, 1994). 
Peptides also have been shown to accumulate in rumen fluid in ionophore-fed 
animals. Poos et al. (1979) found that monensin significantly increased the flow of 
amino acids to the abomasum in steers fed brewers dried grains but not in those fed 
urea-supplemented diets. Wallace et al. (1990) reported increased peptide 
concentrations in the rumen fluid of sheep fed a hay-concentrate diet at a 50:50 ratio 
supplemented with monensin. According to these researchers, the observed 
accumulation of peptides might be explained by an increased ratio of proteolytic to 
peptidolytic activity, or perhaps to a defect in the uptake of large peptides by the 
bacterium such as P. ruminicola] the latter supposition is based on the fact that the 
uptake of small peptides was not affected by ionophores in that particular study. 
Moreover, Yang and Russell (1993) reported that monensin caused a decrease in 
ammonia concentrations in rumen fluid as well as an increase in the flow of amino N 
from the rumen of cows fed timothy hay supplemented with casein, gelatin or soy 
hydrolysate. From results in this study, it was concluded that because the number of 
carbohydrate-utilizing bacteria probably did not decrease it seemed that the amino 
acid-sparing effect was due to a decreased number of Gram-positive, monensin-
sensitive bacteria that could utilize amino acids and peptides as a source of energy 
for growth. 
On the other hand, although Lana and Russell (1997) did not measure 
peptide or amino acid concentrations In an in vivo study designed to determine the 
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effect of monensin on steers fed high-concentrate diets supplemented with SBM or 
urea, they concluded that the idea that monensin could spare amino acids was 
supported by a decrease in the specific activity of deamination and an increase in 
bacterial protein was observed at all combinations of alfalfa and timothy 
supplemented with monensin fed to the cows. 
Effect of monensin on extent of organic matter digestion in the rumen and in 
the total gastro intestinal tract 
An effect of monensin on organic matter digestion in the rumen is considered 
to be related to an increased residence time on the feed material in the rumen. This 
results in lower turnover rates of the liquid and particulate matter and conduces to an 
increase in digestibility of organic matter (Garza and Owens, 1990). However, Clary 
et al. (1993) indicated that turnover rate was not affected by the incorporation of 
ionophores in a corn-based, finishing diet fed to steers. This contradictory finding 
may explain the discrepancy of results reported in the literature in regards to the 
effect of ionophores on organic matter digested in the rumen of animals. 
Norton et al. (1980) reported that monensin increased OM digestibility in 
lambs fed barley at low concentrations (30 and 50% of the diet, DM basis), while OM 
digestibility did not differ among treatments with or without monensin when barley 
made up 70% of the diet. Moreover, Rogers et al. (1991) reported an increase in OM 
digestion in sheep fed a pelleted diet with monensin. Those researchers indicated 
that an increase in digestion in the rumen is more beneficial when forage is fed while 
diets rich in starch are more efficiently utilized when digested in the small intestine. 
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Contrary to this improvement in OM digestion, other investigators have 
reported opposite results. Owens et al. (1978) observed a reduction in apparent DM 
digestion in steers fed a 57% corn diet supplemented with monensin. Muntifering et 
al. (1981) also indicated a reduction in digestion of true OM digested in the rumen of 
steers fed a high concentrate diet with monensin. Likewise, Ali HaTmoud et al. (1995) 
reported a trend towards reduction of the fraction of OM truly digested in the rumen 
of dairy cows fed a mixed diet supplemented with monensin. However, a lack of 
effect on OM digestion by ionophores has been noted. Darden et al. (1985) in a 
study conducted to determine the effects of ionophores on digestion in steers fed 
high corn diets reported no differences in the site of OM digestion in the gastro­
intestinal tracts of animals fed either the control or the supplemented dietary 
treatments. In agreement, Zinn (1988) reported that ruminal digestibility of OM in 
steers was similar for high-grain diets supplemented with or without monensin. 
Though there have been reported changes, the extent of OM digestibility in the total 
digestive tract has not been affected by monensin (Muntifering et al., 1981; Zinn, 
1988; Ali HaTmoud et al., 1995). 
Effect of monensin on extent of starch digestion in the rumen and total gastro 
intestinal tract 
Starch comprises an important feed component in feedlot cattle. Monensin 
has proved to affect OM digestion in the rumen. The decrease in OM may be 
accounted by the decrease in ruminal starch digestion due to the high levels of this 
nutrient that is incorporated in beef cattle diets. Muntifering et al. (1981) reported 
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that ruminal starch digestibility was significantly decreased in steers fed corn-based 
diets containing 33 ppm monensin. Ali Haimoud et al. (1995) similarly noted a 
decreased ruminal digestion of starch in cows fed a mixed diet supplemented with 
monensin. Zinn et al. (1991) demonstrated an increased ruminal starch digestibility 
by cattle fed 88% concentrate supplemented with ardacin, a glycopeptide antibiotic 
effective against Gram-positive bacteria; total tract digestion of starch was not 
affected. The decrease in starch digestion in the rumen may result in more carbon 
from starch being absorbed as glucose rather than as VFA, which will improve 
efficiency of energy utilization by the animal (Huntington, 1997). However, other 
studies have resulted in different conclusions. Darden et al. (1985) indicated that no 
significant differences occurred in ruminal digestion of starch due to monesin 
addition to diets containing 60% corn fed to steers. Similarly, other studies have 
indicated no effect of monensin on the digestion of starch in trials conducted in 
steers and sheep (Zinn, 1988; Zinn et al., 1994;Rogers et al.,1991). 
Similar to the results obtained with total tract OM digestion, starch digestion in 
the total tract seemed to be unaffected by ionophores (Zinn, 1987; Zinn et al., 1994). 
However, Muntifering et al. (1981) and Ali Haimoud et al. (1995) indicated that there 
was a tendency for more starch being digested in the intestines of steers fed 
monensin. The findings from these researchers in relation to more starch being 
digested in the lower digestive tract supports what is indicated above in regards to 
the benefit of glucose being more efficiently utilized by the host animal than would 
VFA from ruminal fermentation of starch. 
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Effect of monensin on extent of nitrogen digestion and efficiency of microbial 
growth 
The quantity of microbial protein that is produced in the rumen is believed to 
be a function of the amount of N and energy available in the rumen for microbial 
growth and the efficiency of microbial growth (Henning, 1990). The ionophore 
monensin normally causes a decrease in microbial protein synthesis, indicating a 
disturbance of the rumen bacterial metabolism (Gomez et al., 1991). When 
monensin is fed, the fermentation pattern shifts towards an increase in propionate 
production at the expense of acetate, butyrate and methane, resulting in improved 
dietary energy utilization by the ruminant. However, that fermentation pattern results 
in less ATP available for microbial use. Moreover, reduced ruminal microbial 
turnover in animals treated with monensin may explain the decrease in microbial 
efficiency (Van Nevel and Demeyer, 1977). 
The flow of microbial N through the duodenum is reported to decrease when 
ionophores are fed (Zinn, 1988; Gomez et al., 1991). In contrast, duodenal flow of 
undegraded feed N is increased. Similarly, other researchers have noted an 
increase in the flow of dietary N to the duodenum and a decrease of bacterial flow 
after addition of monensin in ruminant diets (Poos et al.,1979; Muntifering et al., 
1981; Zinn et al.,1994). The decrease in microbial protein synthesis has been 
observed in studies in vitro (Van Nevel and Demeyer, 1977). 
Although the utilization of monensin has been reported to decrease the extent 
of rumen microbial degradation of feed protein and supply of bacterial protein to the 
lower gastro-intestinal tract, Garden et al. (1985) indicated that bacterial N and 
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undegraded feed N flow to the duodenum was not affected by monensin in steers 
fed a 70% concentrate diet. Similarly, Rogers et al. (1991) did not observe any effect 
of monensin on the flow of N all along the digestive tract in sheep fed pelleted diets. 
The response obtained from ionophore incorporation in the diet relative to 
flow of bacterial or undegraded feed nitrogen is considered to be related to the 
nature of the dietary protein. Dinius et al.(1976) indicated that the magnitude of 
decreased proteolytic and deaminative activities caused by ionophores is dependent 
on protein characteristics such as solubility, extent of degradability and their 
propensity to liberate NH3-N in the rumen. Moreover, the increase of apparent total 
gastro intestinal tract digestibility observed as a response to feeding ionophores is 
probably due to decreased microbial synthesis (Zinn et a!., 1991) and to the fact that 
feed protein reaching the duodenum is more digestible than is the bacterial protein 
(Van Soest, 1994). 
Effect of monensin on ruminal pH 
Cereal grains are major ingredient used in feedlot diets, even though highly 
fermentable starches might result in accumulation of lactatic acid in the rumen 
(Strobel et al., 1989). The early work performed by Hungate et al. (1952) indicated 
the impact of acidosis on the rumen microbial population. S. bovis is a Gram-positive 
bacterium that usually overgrows when sources of glucose or cereal grain are 
available resulting in elevated production of lactate and acute rumen acidosis. 
A potential benefit of monesin on ruminal pH is due to the inhibition of the 
growth of S. bovis, thus increasing ruminal pH in animals fed the ionophore and 
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decreasing the incidence of acidosis. Nagaraja et al. (1982) indicated that 
intraruminal administration of monensin to cattle, in which lactic acidosis was 
experimentally induced resulted in a higher ruminal pH and a lower lactate 
concentration. Moreover, Vagnoni et al. (1995) reported that steers fed Bermuda hay 
and corn-cotton seed meal-based supplement plus monensin had increased ruminal 
pH. In vitro studies by Dennis et al. (1981) also indicated that monensin was able to 
inhibit the major lactate-producing bacteria such as Streptococcus and Lactobacillus. 
Newbold and Wallace (1988) investigated the effect of monensin on the 
accumulation of lactic acid in a continuous cococulture of four ruminal bacteria. The 
incubation was intended to simulate the development of lactic acidosis in vivo. They 
concluded that monensin prevented the accumulation of lactic acid when added at 
the same time as an excess of glucose. However, reports by Shell et al. (1983) from 
studies performed to determine the effect of monensin supplementation in steers fed 
a 72 % sorghum grain diet reported a trend but not a statistically significant increase 
in ruminal pH. Rogers et al. (1991) reported similar resuts in steers fed 50:50 % ratio 
of concentrate-corn silage diet, indicating that monensin did not alter the rumen pH. 
In this later study, it seems that high proportions of cereal grains in the diet may 
have resulted in large accumulations of lactate that were difficult to overcome. 
Overall, the research literature suggests that monensin may be utilized to prevent 
lactic acid acidosis in ruminants. 
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Effect of monensin on ruminal VFA concentrations 
The beneficial influence of ionophores on energy metabolism of ruminants is 
well documented (Bergen and Bates, 1984). One of the more prominent benefits 
attributed to monensin is the modification of VFA production toward a decreased 
molar proportion of acetate and butyrate and an increased molar proportion of 
propionate (Richardson eta!., 1976; Bergen and Bates, 1984; Richardson, 1996). 
The effects of monensin on increasing proportions of propionic acid with the 
concomitant reduction in acetic acid and butyric acid proportions have been 
extensively reported in the literature (Van Maanen et al., 1978; Morton et al., 1980; 
Ricke et al., 1984; Vanhaecke et al.,1985; Zinn, 1987; Muscio, 1989; Rogers et al., 
1991; Zinn and Borques, 1993; Garcia Lopez et al., 1996). According to Bagg 
(1997), propionate is a more efficient source of energy for ruminants for two 
reasons. First, production of propionate decreases energy loss from fermentation 
gases (e.g. methane and carbon dioxide). Second, propionate is utilized more 
efficiently by body tissues than is acetate or butyrate. Propionate can be used for 
gluconeogenesis in the liver and for direct oxidation in the tricarboxylic acid cycle. 
Several reports have indicated a lack of monensin effect on molar proportions of 
individual VFA (Johnson et al., 1979; Morton et al., 1980; Darden et a!., 1985; Zinn, 
1988). Moreover, it has been observed that the molar proportions of propionate 
mediated by monensin are not as significant as they were during the 70s and 80s. A 
possible explanation for that is that the diets utilized nowadays have increased 
percentages of concentrate that might obscure the effect of monensin on the level of 
propionate produced (Richardson, 1996). 
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Reports relating the effects of monensin on total VFA concentrations are 
variable, however. A variety of studies have demonstrated no effect of ionophores 
on total VFA concentrations In cattle (Clary et al., 1993; All Haimoud et al.,1995) and 
sheep (Mir, 1989; Rogers et al., 1991). In contrast, others noted that monensin 
decreased ruminal VFA concentrations in sheep (Norton et al., 1980) and cattle 
(Darden et a!., 1985). However, the interpretation of VFA concentration is difficult 
because the concentrations are dependent on factors such as rate of production, 
rate of absorption and rumen volume. Moreover, the feeding frequency utilized in 
each particular experiment may cause diverse responses in regards to total VFA 
concentrations in the rumen fluid. 
33 
CHAPTER 3. MATERIALS AND METHODS 
Animals and diets 
Four crossbred steers (BW 280 kg) were surgically fitted with indweling 10 cm 
i.d. cannulae in the rumen (Dougherty, 1981) and 2.0 cm i.d. t-type cannulae in the 
proximal duodenum, caudal to the pyloric sphincter (McGilliard, 1982). The surgical 
and animal care procedures for the study were conducted under a research protocol 
approved by the Animal Care Committee, Iowa State University. The steers were 
placed in individual pens and allowed to recover from the surgical procedure for 
approximately three weeks. After recovery, the animals were utilized in a 4 x 4 Latin 
square digestion trial with 14-day consumption and 7-day collection phases. The 
animals were assigned randomly to each of the following dietary treatments: 1) urea 
supplement (urea), 2) soybean-meal supplement (SBM), 3) urea supplement plus 
monensin (urea+) and 4) soybean-meal supplement plus monensin (SBM+). The 
dietary treatments are shown in Table 3.1. The diets were fed twice daily at 0900 
and 2100 h at a level 10% above ad libitum intake during the first 7 d and 10% below 
ad libitum intake the following 13 d . As a digestibiliy marker, 10 g of chromium 
sesquoxide (CraOa) were administered through the rumen cannula at 0900 and 2100 
h from d 8 to d 20 of each period. The steers were kept in a room with a constant 12 
h light, 12 h dark cycle at 20°C. The animals had continuous access to clean 
drinking water. 
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Sampling procedures 
Feed samples were collected on d 1 to 3 of each collection phase. During d 3 
to 5, 300 ml of duodenal digests were obtained four times daily. Sampling times 
were advanced 2 h each day such that samples collected over the 3 d represented 
each 2 h of a 24-h cycle. Samples were then frozen (-20X) for later analysis. Fecal 
samples were collected and frozen on d 3 to 5 of each collection phase at the same 
time the duodenal digesta collection was performed. Samples of ruminal fluid were 
collected from the ventral sac of the rumen via the rumen fistula from 0 through 10 h 
Table 3.1 Composition of diets fed to steers. 
DIETS 
INGREDIENT 
UREA UREA + 
MONENSIN 
SBM SBM + 
MONENSIN 
Crude Protein 13.3 13.3 13.3 13.3 
Cracked corn 81.99 81.99 74.0 74.00 
Ground cobs 10.0 10.0 10.0 10.0 
Cane molasses 4.0 4.0 4.0 4.0 
Soybean Meal 10.0 10.0 
Urea 2.10 2.10 .63 .63 
Ca2P04 .32 .32 .10 .10 
Limestone .77 .77 .82 .82 
NaCI .30 .30 .30 .30 
KCI .32 .32 
Elemental sulfur .067 .067 
Trace minerals .024 .024 .024 .024 
Vitamin A® .08 .08 .08 .08 
Rumensin" .0175 .0175 
a Provided 1,400 lU of vitamin A per pound of dry matter, 
b Provided 14.4 mg sodium monensin per pound of dry matter. 
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after feeding on d 6 of each collection phase and filtered through 8 layers of cheese 
cloth. 
The ruminal fluid samples were maintained at O'C, and the pH was recorded 
immediately with a digital pH meter. A 10 ml aliquot was acidified using .25 ml 16 N 
H2SO4 for ammonia-N determination. At the same time, 12 ml of rumen fluid were 
acidified with 2 ml 25% (w/v) metaphosphoric acid for VFA determination. Moreover, 
50 ml of rumen fluid were centrifuged at 14,000 x g for 20 min for peptide 
determination. All samples were frozen at -20° C until the analyses were performed. 
Fifteen hundred milliliters (1500 ml) of rumen fluid were collected 3 h after feeding 
on d 7 of each collection phase. Isolation of ruminal bacteria was performed by 
differential centrifugation and frozen for later analysis (Bergen et al., 1968). 
Chemical analyses 
Dry matter (DM) estimations of feed and feces were determined in samples 
dried in a forced air oven al 65°C for 48 h (AOAC, 1975). Samples of duodenal 
digesta from each collection time and the bacterial pellet from ruminal fluid for each 
animal were freeze-dried. Dried feed, duodenal digesta and feces were ground 
through a 1-mm screen using a Wiley mill. Dry duodenal digesta and feces were 
composited on an equal weight basis for each animal and each period. 
Concentrations of neutral detergent fiber (NDF) and acid detergent fiber (ADF) in dry 
feed, duodenal digesta and feces were determined following the procedure of Van 
Soest et al. (1991). Starch concentration in feed, duodenal digesta and feces was 
determined by a variation of the procedure 910.A (AOAC, 1995). Nitrogen 
concentrations of feed, freeze-dried duodenal digesta, feces and bacteria pellets 
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were determined with a Kjeltec apparatus (Tecator, Hoganas, Sweden) using 
selenium as catalyst. Ammonia-N concentrations in rumen fluid and wet duodenal 
contents were determined by the hypochlorite procedure (Van Slyke and Miller, 
1933) and adapted for an Auto Analyzer (Technicon, Tarrytown, NY). Purine 
concentrations In the rumen bacteria pellet and freeze-dried duodenal samples were 
determined by the procedure of Zinn and Owens (1986). Bacterial N concentrations 
of duodenal contents were estimated from the N-to-purine ratios on the bacterial 
pellets and duodenal digesta. Duodenal digesta and feces were ashed at 500°C for 
3 h. Chromium was then extracted from the ash with manganese sulfate-potassium 
bromate-phosphoric acid solution and analyzed by atomic absorption 
spectrophotometry (Williams et al., 1962). Duodenal and fecal dry matter flows were 
estimated from the amount of Cr fed and duodenal and fecal Cr concentrations. The 
concentration of VFA in ruminal fluid was determined by gas chomatography 
(Varian® 3350) using a packed .25 mm fused Nukol GC column (Supeico, Inc. 
Bellefonte, PA.) and a flame ionization detector. The sample preparation for the 
measurement of peptides in rumen fluid was according to the procedure reported by 
Wallace and Mckain, (1990).The Auto Analyzer procedure (Technicon, Tarrytown, 
NY), to determine amino acids based on the reaction of trinitrobenzene sulfonic acid 
with the amino group was used to determine free amino acids in ruminal fluid and 
after hydrolysis of the ruminal fluid to estimate peptides plus amino acids. Citrulline 
was used as standard. A Dowex-50 W strongly acidic cation resin (Sigma) in a 
column was utilized to separate amino acids after the sample was hydrolyzed. 
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Statistical analysis 
Data were analyzed by analysis of variance (SAS, 1985) as a Latin Square 
experimental design with main effects of steers, periods, source of protein 
supplement and monensin in diets. Data were considered statistically significant at a 
level of (P < .05), although some results were considered statistically significant at a 
level of (P<.10). 
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CHAPTER 4. RESULTS AND DISCUSSION 
The effects of treatments on feed intake and ruminal digestion are shown in 
Table 4.1. Organic matter intake was not affected by source of supplemental protein 
or monensin (P>.10). However, monensin decreased intake of organic matter in 
steers fed the urea diets and increased the intake of organic matter in those fed the 
SBM -based diets (P<.10). Monensin supplementation decreased (11.7%) apparent 
ruminal OM digestibility (P<.10), but there were no significant differences in OM 
digested in the rumen when corrected for flow of microbial mass. Total gastro 
intestinal tract digestibility of OM was similar for all treatments. Owens et al. (1978), 
Muntifering et al. (1981) and Aii HaTmoud et al. (1995) previously noted a decrease 
in OM digestion in steers fed high concentrate diets with monensin (16, 19 and 9%, 
respectively). Contrary to this, studies have also indicated that monensin increased 
OM digestibility (Norton et al., 1980; Rogers et al., 1991). The positive effects of 
monensin on organic matter digestion in those studies seemed to be related to lower 
turnover rates of the liquid and particulate matter in the rumen (Garza and Owens, 
1990). Others, however, have indicated that turnover rate was not affected by 
ionophores (Clary et al., 1993). Based on these reports, it is not possible to make 
definite conclusions on the effects of monensin on ruminal OM digestion. 
Ruminal digestibilities of NDF, ADF and starch were not affected by 
supplemental N or monensin (P>.10), averaging 52.4, 38.2 and 86.2 %, respectively 
across all diets (Table 4.1). Ruminal starch digestion, however, tended to be 
decreased by monensin (P = .18). Consistent with this study, Darden et al. (1985) 
indicated that no 
39 
Table 4.1 Effects of ionophore and supplemental N treatment on intake and 
ruminal and apparent total tract digestion by steers 
DIETS SIGNIFICANCE 
UREA UREA+ SBM SBM+ SEM pa M" P*M' 
Intake, g/d 
DM 6,496 6,152 5,960 7,268 360 .45 .64 .57 
OM 6,206 5,888 5,712 6,994 342 .42 .22 .06 
NDF 1,260 1,196 1,186 1,545 82 .14 .12 .04 
ADF 485 466 495 619 30 .03 .13 .06 
Starch 4,603 4,392 3,854 4,703 434 .62 .48 .25 
Flow to the duodenum, g/d 
OM 2,431 2,789 2,215 3,915 511 .92 .19 .50 
NDF 527 710 474 778 168 .96 .19 .72 
ADF 258 374 244 417 103 .89 .21 .79 
Starch 649 846 415 745 193 .40 .20 .74 
Apparent ruminal digestion, % 
OM" 60.6 53.5 62.4 52.0 4.4 .97 .09 .72 
OM' 76.3 69.4 80.7 70.7 5.6 .62 .17 .79 
NDF 59.3 41.0 61.4 48.2 12.3 .72 .24 .84 
ADF 48.3 20.9 52.1 31.8 18.5 .70 .24 .85 
Starch 86.6 82.6 90.5 85.1 3.1 .34 .18 .32 
Fecal excretion, g/d 
OM 1,049 941 873 1,243 174 .87 .36 .15 
NDF 389 364 319 532 60 .44 .17 .09 
ADF 193 175 159 264 20 .37 .18 .07 
Starch 175 170 112 225 48 .94 .29 .25 
Apparent total tract digestion, % 
OM 84.9 84.3 86.5 82.7 1.5 .98 .34 .20 
NDF 70.1 69.5 74.1 64.9 4.1 .93 .28 .34 
ADF 61.3 62.2 68.9 56.9 4.7 .81 .28 .22 
Starch 96.6 96.5 97.3 95.4 .7 .86 .22 .26 
® Main effect of protein supplementation. 
" Main effect of ionophore. 
Main effect of protein-ionophore interaction. 
" OM apparently digested in rumen. 
® OM truly digested in the rumen. 
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significant differences occurred in ruminal starch digestion (average of 55.1%) due 
to nnonensln addition to diets containing 60% corn fed to steers. Other studies have 
also indicated sinniiar results on starch digestion (77.8%, Zinn, 1987; 90.8%, Zinn, 
1988; 85.9%, Zinn et al., 1994). 
Total gastro intestinal tract digestibilities of NDF, ADF and starch were not 
affected by source of supplemental N or monensin (P>.10), averaging 69.6, 62.3 and 
96.4%, respectively (table 4.1). Previous studies have also reported no significant 
changes in apparent total tract digestion of starch as a result of monensin 
supplementation (96.8%, Muntifering etal., 1981; 92.7%, Darden et al., 1985; 
94.0%, Zinn, 1987; 99.3%, Zinn et al., 1994). The starch digestion in the rumen and 
in the total tract obtained in this study seemed to be within the range reported by 
other researchers. Results from the present study regarding NDF and ADF 
digestibility are consistent with some studies (Morris et al., 1990; Zinn et al., 1994), 
while other workers have reported a decrease in digestibility in fiber (Poos et al., 
1979; Zinn, 1987). In a study performed by Simpson et al. (1978), it was indicated 
that monensin depressed cotton cellulose digestibility by 16.7 % in a 48-hour in vitro 
incubation. It was concluded that cellulolytic organisms, which are sensitive to 
monensin, are diminished in numbers resulting in depressed cellulose digestion. 
The effect of monensin on digestion of non-urea portion of feed proteins and 
the relationship of g of starch per g of feed proteins digested in the rumen are shown 
in Table 4.2. The data presented in Table 4.2 refer to the degradability of N coming 
from the various ingredients except urea that composed the diets. We calculated the 
degradation of the non-urea portion of dietary proteins. Only the source of N from 
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Table 4.2 Effect of monensin on N degradation from natural protein sources 
and the relationship of starch and protein degradation 
DIETS SIGNIFICANCE 
UREA UREA+ SBM SBM+ SEM P® M" P*M'= 
Protein-N intai<e, g/d (Urea not included) 
76.0 72.1 106.4 129.6 6.5 <.001 .19 .08 
Rumen degradation of feed-N, g/d 
54.4 48.2 72.2 92.5 5.9 <.001 .48 .12 
Rumen degradation of feed-N, % of intake 
72.7 64.4 78.0 78.7 7.2 .21 .64 .57 
g starch digested/ g protein-N digested in rumen 
74.2 85.4 45.2 42.9 10.3 < 0 1  .68 .53 
® Main effect of protein supplementation. 
" Main effect of ionophore. 
Main effect of protein-ionophore interaction. 
natural protein sources was considered to make the calculations, whereas N from 
urea was not included. Monensin did not significantly affect the amount of non-urea 
nitrogen consumed or degraded (P>.10). Feeding SBM increased protein nitrogen 
intake and degradation (P<.001). Increasing feed protein degradation in the rumen 
did not enhance starch digestion in the rumen. Starch digestion in the rumen 
decreased relative to feed protein degraded in the rumen (P<.01). 
The influences of supplemental N and ionophore on site and extent of 
nitrogen digestion by steers are shown in Table 4.3. Nitrogen intake was not affected 
by supplemental N or by monensin. However, steers fed the SBM diets 
supplemented with monensin consumed more N than when fed the urea diets 
(monensin by protein interaction, P<.10). The flow of undegraded feed-N increased 
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Table 4.3 Effects of ionophore and supplemental N treatment on site and 
extent of nitrogen digestion by steers 
DIETS SIGNIFICANCE 
UREA UREA+ SBM SBM+ SEM pa M" P*M' 
N intake, g/d 
129.0 122.3 121.1 147.2 7.4 .30 .24 .07 
Flow to the duodenum, g/d 
Feed 21.5 23.7 28.8 36.9 4.7 .07 .31 .56 
Microbial 69.1 64.4 64.1 82.9 5.6 .24 .33 .09 
Ammonia 5.6 7.7 9.0 12.7 1.7 .05 .15 .66 
Microbial efficiency'' 
16.2 18.3 16.0 19.2 1.5 .83 .15 .74 
Microbial efficiency ® 
19.4 20.2 21.2 24.0 1.3 .09 .24 .49 
Flow to the duodenum. % of intake 
Feed 16.4 20.7 23.0 25.8 4.2 .22 .46 .79 
Microbial 52.1 51.6 52.3 56.3 3.7 .45 .80 .59 
Ammonia 4.3 6.3 7.4 8.7 1.2 .05 .20 .79 
" Main effect of protein supplementation. 
" Main effect of ionophore. 
Main effect of protein-ionophore interaction. 
" g bacteria-N / kg OM truly digested in the rumen. 
° g bacteria-N/kg starch digested in the rumen. 
(P<.10) when supplemental SBM was fed to the steers. Monensin increased the 
proportion of undegraded feed-N flowing to the duodenum by 11 and 20% in steers 
fed the urea and SBM, respectively, although a statistical significant difference was 
not reached (P>.10). 
There were no differences in the passage of bacterial N to the small intestine 
by supplemental N (P>.10). Monensin caused an increase of bacterial N in steers 
fed the SBM supplemented diets but reduced flow of bacterial N in the steers fed the 
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urea diets (P*M interaction, P<.10). Similar to the data from the present study, 
Darden et al. (1985) and Rogers et al. (1991) did not observe any effect of monensin 
on the flow of bacterial-N and undegraded feed-N to the duodenum in cattle and 
sheep, respectively. Other researchers, however, have reported that the flow of 
microbial-N was decreased by monensin while the flow of undegraded feed-N was 
increased (Poosetal., 1979: Muntifering etal., 1981; Zinn etal., 1994). 
Efficiency of bacterial-N synthesis, reported as g bacteria-N per kg OM truly 
digested in the rumen, was not affected by treatment (P>.10), although a numerical 
increase (P=.15) in microbial efficiency was observed with monensin. The efficiency 
of bacterial-N synthesis was also calculated as g bacteria-N per kg of starch 
digested in the rumen. In this case, more bacterial-N per kg of starch digested was 
observed in the steers fed SBM (P<.10) while there was no effect from feeding 
monensin. The values for efficiency of bacterial protein synthesis are somewhat 
lower than the mean value of 27 g bacterial-N/ kg of OM truly digested reported by 
Stern and Hoover (1979) but within the range reported by others (13.7, Darden et 
al., 1985; 16.1, All Haimoud etal., 1995). 
The effects of ionophore and supplemental N on concentrations of free amino 
acids and amino acids from peptides are shown in Figures 4.1 and 4.2. The means 
for these two parameters are shown in Table 4.4. Free amino acid concentrations 
were not affected by source of supplemented N. Likewise, monensin had no effect 
on amino acid concentration in the rumen fluid of steers (P> .10). Source of 
supplemental N increased the concentration of amino acids from peptides (Figure 
4.2) in ruminal fluid of steers (P <.001). Feeding monensin increased peptide 
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concentrations in ruminal fluid (P<.05). Previous studies have demonstrated that 
peptides accumulate in rumen fluid in ionophore-fed animals. Poos et al. (1979) 
found that monensin increased flow of amino acids to the abomasum of steers fed 
brewers dried grains. Similarly, Wallace et al. (1990) reported increased peptide 
o> 
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Figure 4.1 Free amino acid concentrations in ruminal fluid of steers. 
concentrations in the rumen fluid of sheep fed a hay-concentrate diet at a 50:50 ratio 
supplemented with monensin. Yang and Russell (1993) also indicated that monensin 
increased the flow of amino acids from the rumen of cows fed timothy hay 
supplemented with casein, gelatin or soy hydrolysate. The amino acid sparing effect 
from monensin is considered to be related to a decrease in the numbers of Gram-
positive monensin-sensitive bacteria that utilize amino acids and peptides as 
sources of energy for growth. The concentrations of free amino acids peaked 
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approximately from one to two hours after feeding which was followed by a decline 
to the prefeeding concentration (Figure 4.1). Ruminal concentrations of amino acids 
from peptides on the contrary did not follow the same pattern (Figure 4.2). 
Researchers have reported that the concentrations of peptides in rumlnal fluid seem 
to peak shortly after consumption of feed falling rapidly from 2 to 3 h after feeding 
(Annison, 1956; Mangan, 1972; Wallace and cotta, 1988). However, it should to be 
emphasized that the studies referred to above used casein, a rapidly degradable 
source of protein. The soybean meal used in the present study might have been 
degraded more slowly leading to higher levels of peptides at longer times after 
feeding. 
The values for ruminal concentrations of peptides as influenced by monensin 
(26.8 mg N/L for urea diets and 32.1 mg N/L for the SBM diets) were similar 
UREA 
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Figure 4.2 Concentrations of amino acids from peptides in ruminal fluid of 
steers 
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(27.9 mg N/L) to those reported by Wessels et al. (1996) in a study with steers fed 
44% chopped alfalfa hay, 43% dry-rolled corn and 10% SBM on DM basis 
supplemented with lasalocid. However, our results were much lower than those 
reported by Ludden and Kerley (1997) in a study conducted with steers fed 56% 
cracked corn, 17% soyhulls, 15% cottonseed hulls, 4.2% corn oil and 5.6% corn 
gluten meal. The discrepancy observed in the concentrations of peptides in rumen 
fluid may have been the result of the analytical procedures used to determine 
peptide concentrations. For the study performed by Wessels et al. (1996) as well as 
for this study, amino acids were reacted with trinitrobenzenesulfonic acid. Ludden 
and Kerley (1997) utilized a method based on reacting amino acids with ninhydrin. 
Some researchers (Wallace and McKain, 1990) have indicated that the method used 
to determine the concentrations of peptides in rumen fluid can give significantly 
different results. The diets used in the studies referred to above may also have 
influenced the diverse concentrations reported by the researchers. 
The source of supplemental protein affected ruminal pH (Figure 4.3, means 
presented in Table 4. 4). Diets supplemented with SBM resulted in lower pH (P<.01) 
than urea supplemented diets (5.5 vs 5.8). Results from this study are not in 
agreement with the data reported by Milton et al. (1997) who observed no effect in 
ruminal pH by supplemented N (SBM and urea) in steers fed a high grain diet based 
on dry rolled corn. Moreover, in our study, a monensin by protein interaction was 
observed (P<.001). Monensin increased ruminal pH with diets containing SBM but 
decreased pH with urea diets. The effect of monensin on ruminal pH is well 
documented. Studies in vitro (Dinnius et al., 1981; Newbold and Wallace, 1988) and 
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in vivo (Nagaraja et al.,1982: Vagnoni et al., 1995) have reported higher ruminal pH 
and lower lactate concentration with monensin. That increase in ruminal pH is 
consistent with the results reported from our study using monensin with SBM as the 
supplemental N. However, contrary to these findings, Shell et al. (1983) and Rogers 
et al. (1991) indicated that monensin did not significantly alter ruminal pH. 
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Figure 4. 3 Effects of ionophore and supplemental N treatment on ruminal fluid 
plH in steers 
Total VFA concentrations (means presented in Table 4.4) were affected by 
the source of supplemental N (P<.05). SBM-supplemented diets resulted in higher 
total VFA concentrations than did the urea-supplemented diets. Adding monensin to 
the urea diets increased total VFA concentrations, whereas the ionophore 
decreased VFA concentrations in the SBM-supplemented diet (protein by monensin 
interaction, P<.001).The change of VFA concentrations in this study when monensin 
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Table 4.4 Effects of Ionophore and supplemental N treatment on ammonla-N, 
pH, volatile fatty acid profiles and amino acid concentrations in ruminal fluid 
of steers. 
DIETS SIGNIFICANCE 
UREA UREA + SBM SBM + SEM M" P'M^ 
Ammonia-N, mg/dl 21.7 19.0 18.1 20.7 3.3 NS NS <0.01 
pH 5.8 5.7 5.5 5.8 .11 <0.01 <0.001 <0.001 
Total VFA, mM 87.5 91.5 106.7 91.9 8.6 <0.001 <0.05 <0.001 
Acetate'' 64.5 60.3 54.9 60.2 3.2 <0.001 NS <0.001 
Propionate" 20.4 28.5 32.6 28.9 3.9 <0.001 <0.05 <0.001 
Butyrate" 10.8 8.6 8.9 9.2 1.3 NS <0.01 <0.001 
Valerate" 1.2 .83 2.0 1.2 .45 <0.001 <0.001 NS 
Isobutyrate" 22 .18 .23 .27 .06 <0.01 NS <0.05 
Isovalerate" 2.7 1.5 1.4 1.5 .42 <0.001 <0.001 <0.001 
Acetate:propionate 3.4 2.6 1.8 2.8 .36 <0.10 NS <0.05 
Amino acid N " 17.0 16.5 16.5 16.0 2.0 NS NS NS 
Amino acids' 65.8 62.5 63.8 61.9 9.8 NS NS NS 
Peptide N" 21.3 26.8 30.5 32.1 5.5 <0.001 <.05 NS 
Peptides' 82.6 103.3 118.3 124.5 23.1 <0.001 <0.05 NS 
® Main effect of protein supplementation. 
" Main effect of ionophore. 
'Main effect of protein-ionophore interaction. 
"mol/lOO mol. 
" mg N/L citrulline equivalent. 
' mg /L. citrulline equivalent. 
was incorporated in the urea-supplemented diets was not consistent with previous 
reports using sheep (Mir, 1989; Rogers et a!., 1991) and cattle (Clary et al., 1993; Ali 
HaTmoud et al., 1995) which reported that monensin did not affect total VFA 
concentrations. However, other studies have reported that monensin decreased 
ruminal VFA concentrations (Norton et al., 1981; Darden et al., 1985), which is in 
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agreement with our results obtained when monensin was incorporated in the SBM 
diets. Nevertheless, interpretation of VFA concentration is difficult because factors 
such as rate of production and absorption of VFA and rumen volume may be 
involved. In addition, feeding schedules used in the various trials might cause 
diverse responses in VFA concentrations (Darden et al., 1985). Contrary to early 
findings that reported decreased molar proportions of acetate and increased molar 
proportions of propionate induced by monensin (Rogers et al., 1991, Zinn and 
Borques, 1993, Garcia Lopez et al., 1996), data from this study indicated no 
significant main effect of monensin on the molar proportion of acetate (P>.10). 
Reports by Johnson et al. (1979), Norton et al. (1980), Darden et al. (1985) and Zinn 
(1988) indicated that monensin did not affect the molar proportions of individual 
VFA. Monensin increased (P<.05) the proportion of propionate in the rumen fluid of 
steers fed urea-supplemented diets while propionate decreased in steers fed the 
SBM diets. Steers fed SBM had higher concentrations of propionate (P>001). 
Although the increase in molar proportions of propionate due to monensin is well 
recognized (Bergen and Bates, 1984; Richardson, 1996), results from the present 
study indicated a decrease in propionate production when the steers were fed the 
SBM diets. However, it should be emphasized that the molar proportions of 
propionate obtained from the diets with no ionphore in this study were higher than 
those reported by other researchers (24.1, Darden et al., 1985 and 23.7, Ali 
Haimoud etal., 1995). 
Steers fed SBM had a lower (P<.10) acetate:propionate ratio than the steers 
fed urea (Table 4.4). Monensin did not affect the acetateipropionate ratio.The molar 
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proportions of butyrate were not affected by protein source (P>.10). However, 
monensin decreased butyrate in the ruminal fluid in steers fed the urea diets, 
whereas it increased the molar proportions when SBM diets were fed (monensin by 
protein interaction, P<.001). Molar proportions of valerate were greater in steers fed 
SBM (P<.001). Feeding monensin decreased the molar proportions of valerate in the 
ruminal fluid of steers fed both diets (P<.001). 
The data related to branched-chain fatty acids are presented in Table 4.4. 
Molar proportions of isobutyrate were greater (P<.01) in steers fed SBM. Monensin 
did not affect the molar proportion of isobutyrate (P>.10). Steers fed urea had higher 
(P<.001) molar proportions of isovalerate than did steers fed SBM. Monensin 
decreased the molar proportion of isovalerate in steers fed the diets supplemented 
with urea. Increased molar proportions of isovalerate with addition of monensin to 
the SBM diet (P*M interaction, P<.001) were also observed. Molar proportions of 
isobutyrate and isovalerate have been reported to be decreased by ionophore 
(Russell and Martin, 1984; Hillaire et al., 1989; Clary et a!., 1993; Ali HaTmoud et al., 
1995). The effect of ionophore on branched-chain VFA is related to its effects on 
ruminal feed N degradation. Russell and Martin (1984) indicated that a selective 
inhibition of valine, isoleucine and leucine deamination by methane inhibitors 
including monensin resulted in less production of branched-chain VFA. Thus, 
reduction in deamination of branched-chain amino acids resulted in decreased levels 
of branched-chain VFA. From the results in this study, however, the only branched-
chain VFA that was affected by the ionophore was isovalerate. Steers fed the urea 
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supplemented diets with monensin showed lower production of isovalerate than 
without addition of the ionophore. 
Neither source of dietary N nor monensin influenced ruminal NH3-N 
concentration in the present study (Figure 4.4, Table 4.4). However, a monensin by 
protein interaction was observed (P<.01). Ammonia-N production was reduced in 
steers fed diets containing urea supplemented with monensin while an increase in 
NH3-N concentration was observed in steers fed SBM-based diets plus monensin. 
Decreased NH3-N production by ionophores has been extensively reported in the 
literature (Vanhaecke et al., 1985; Wallace et al., 1990; Newbold et al., 1993; Yang 
and Russell, 1993). Gram-positive Peptostreptococcus, which is considered to 
possess high deaminase activity, is sensitive to monensin and is in part responsible 
for the decrease in NH3-N production by monensin (Russeil, 1996). Results from this 
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Figure 4.4 Ammonia concentrations in rumen fluid of steers 
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study were contradictory to the literature reports that have indicated a decrease in 
the production of ruminal NH3-N. 
However, in agreement with our findings, Darden et al. (1985) indicated that 
NH3-N concentrations were not affected by monensin in a study with steers fed diets 
containing 60% corn. Similarly, Norton et al. (1980) and Clary et al. (1993) indicated 
that ruminal ammonia concentrations were not affected by monensin in lambs fed 
barley-based diets or steers fed corn-based diets, respectively. 
The ruminal degradation of SBM in the diets used in this experiment is shown 
in Figure 4.5. The average rumen degradation observed in our study was 73 %. 
B 
Figure 4. 5 Ruminal degradation of feed proteins from ingredients in urea (A) 
and urea plus monensin (B) diets and degradation of SBM proteins in SBM (C) 
and SBM plus monensin (D) diets 
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Zinn and Owens (1983) indicated that SBM was 57% degraded in the rumen 
of steers fed diets composed of 74% dry rolled corn and 20% chopped prairie hay , 
whereas Zinn et al. (1981) observed a ruminal degradation of 85% for SBM in steers 
fed 40% chopped alfalfa hay and 60% concentrate. The NRC committee included 
values ranging from 68 to 80% for ruminal degradation of SBM in the feed tables for 
beef cattle (NRC, 1996) 
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CHAPTER 5. GENERAL DISCUSSION AND CONCLUSIONS 
This study was conducted to evaluate the effects of a source of readily 
degradable protein (SBM) and the ionophore monensin, on the accumulation of 
peptides and starch digestion in steers fed a high concentrate diet. The rationale to 
conduct the study was based on literature reports indicating that digestion of non­
structural carbohydrates in the rumen is performed by bacteria that grow more 
efficiently in the presence of amino acids or peptides. Thus, it was reasoned that a 
source of rumen degradable protein may provide a favorable nutritional environment 
for the growth of non-structural carbohydrate fermenters. Moreover, the protein-
sparing effect of monensin may further contribute to an accumulation of amino acids 
and peptides in the rumen. The hypothesis of this study was that an increase in 
peptide accumulation in the rumen would improve ruminal starch digestion. 
An increased accumulation of amino acids from peptides was observed in our 
study when SBM was supplemented to the diets. In addition, amino acids from 
peptides accumulated when monensin was incorporated in the urea and SBM-
supplemented diets, supporting the idea of an amino acid sparing effect caused by 
this ionophore. Ruminal starch digestion was not affected by source of supplemental 
N, although SBM supplementation numerically increased the ruminal digestion of 
starch by 4.3%. Studies performed by Milton et al. (1997) also indicated that starch 
digestion was not affected in steers fed diets based on dry-rolled corn supplemented 
with SBM or urea. In the present study, monensin supplementation did not affect 
starch digestion, although a numerical decrease in starch digestion was observed 
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(P = .18). Therefore, it can be concluded that increased peptide accumulation did not 
affect starch digestion in the rumen. 
The tendency of decreased starch digestion when monensin was fed 
(P =.18) could have resulted in more carbon from starch being absorbed as glucose 
rather than as VFA leading to an improved efficiency in energy utilization by the 
animal. The total gastro intestinal tract digestion of starch was not influenced by 
monensin or source of supplemental N. 
The flow of undegraded feed-N was increased by monensin up to 11 and 
17% in the urea and SBM diets, respectively, although no statistical significance was 
reached. The feed protein reaching the duodenum is considered to be more 
digestible than is microbial protein, and it might have represented a benefit to the 
animal. 
The microbial protein synthesis was somewhat low (16.0 -19.2 g bacterial 
N/kg OM truly digested in rumen) compared with values previously reported in the 
literature. This decrease in microbial protein synthesis is caused by changes in the 
rumen fermentation pattern such as increasing the propionate production at the 
expense of acetate resulting in less ATP available for microbial utilization. Monensin, 
however, tended to increase the microbial efficiency in diets containing SBM. This 
increase may have been the result of less accumulation of propionate observed in 
the rumen of steers fed the SBM diet supplemented with monensin. Contrary to this, 
urea diets containing monensin showed lower microbial efficiency and propionate 
production was increased. Acetate production was reduced in the steers that were 
fed the urea plus monensin diets, while acetate was increased in the steers that 
were fed the SBM diet supplemented with monensin. The microbial efficiency was 
also calculated as g bacterial N/ kg of starch digested in the rumen. Microbial 
efficiency was increased 8.5% (P<.10) when the steers were fed diets containing 
SBM compared to when the steers were fed the diets containing urea. This effect 
may be explained by a better utilization of peptides by the non-structural 
carbohydrate bacteria. Finally, the source of dietary N or monensin did not influence 
ruminal NH3-N concentrations. However, an interaction was observed where 
monensin decreased NH3-N concentration in the steers that were fed urea and 
increased it when the steers were fed SBM. The decrease in protein degradation in 
the presence of ionophores has been attributed in part to the effect of these 
antibiotics on Gram-positive Peptostreptococcus and Clostridium species that 
possess a high deaminase activity. From the results of this study, however, a 
decrease in NH3-N production was observed only when the steers were fed the urea 
diet supplemented with monensin and not when fed the SBM diet. The magnitude of 
the decreased proteolytic and deaminative activities caused by ionophores is 
thought to be dependent on dietary protein solubility, extent of degradability and the 
propensity of the protein to liberate NH3-N in the rumen. 
In conclusion, although peptide concentrations in rumen fluid increased up to 
30% when the steers were fed SBM diets compared to when steers were fed urea 
supplemented diets, as well as a 20% increase when monensin was fed with urea 
and 5% when fed with SBM diets, starch digestion in the rumen was not improved by 
either SBM or monensin. Soybean meal is considered a source of true protein that 
can supply amino acids and peptides for microbial growth. Milton et al. (1997) 
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reported no increase in starch digestion in the rumen when SBM replaced urea in a 
cattle finishing diet. The present study, which extended the study by Milton et al. 
(1997) by measuring peptides and amino acids available in the rumen, did not 
support in vitro studies in which additions of amino acids and peptides improved 
growth of non-structural carbohydrate fermenting bacteria. The diets used in our 
study, which were representative practical feedlot diets, resulted in the following 
average concentrations of peptides in the rumen fluid; .82.6, 103.3, 118.3, and 124.5 
mg/L of citrulline equivalent for the urea, urea plus monensin, SBM, and SBM plus 
monensin diets, respectively. Argyle and Baldwin (1989) indicated that microbial 
growth increased three and fourfold, when compared with ammonia, when peptides 
(10 and 100 mg/L, respectively) in the form of trypticase were incorporated in the 
incubation medium. Based upon the in vitro study of Argyle and Baldwin, the 
concentrations of peptides observed in the rumen, when steers were fed the urea 
supplemented diet, seem to have been adequate for the starch digesting bacteria. 
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APPENDIX A. SURGICAL AND ANALYTICAL PROCEDURES 
Figure A1. Surgical procedure for rumen cannulation 
1. Local anesthesia performed by infliltration with lidocaine 
2. Round mold used to make insicion according to the shape of the cannula 
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Figure A1. (Continued) 
3. Skin incision on the left paralumbar fossa of the flank 
4. Dissection of the skin of the left paralumbar fossa of the flank 
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Figure A1. (Continued) 
5. Dissection of abdominal muscles and opening of abdominal cavity via the left 
paralumbar fossa of the flank 
\ 
6. Localization of the exposed dorsal sac of the mmen 
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Figure A1. (Continued) 
7. Suture the rumen wall to the skin 
8. Placement of the cannula in the dorsal sac of the mmen 
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Figure A1. (continued) 
9. Chromium dosed through the rumen cannula 
10. Rumen fluid sampling though the rumen cannula 
63 
Figure A1. (Continued) 
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Figure A2. Surgical procedure for duodenal cannulation 
1. Catheterization of the steer to induce anesthesia. A mixture of xylazine, 
ketamine and guaifenesin was dosed intravenously for induction 
2. Performing endotracheal intubation of the steer 
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Figure A2. (Continued) 
3. Endotracheal intubation performed and tubes connected to the anesthesia 
machine 
4. Once anesthetized, the steer was monitored throughout the surgery 
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Figure A2. (Continued) 
5. Clipping of hair from the area for surgery 
6. Cleaning the area and preparation for aseptic surgery 
67 
Figure A2. (continued) 
7. Incision made at the level of the eleventh rib, right side 
8. Dissection of abdominal muscles and isolation of the rib 
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Figure A2. (Continued) 
9. Resection of the ventral portion of the rib 
10. Dissection of the intercostal muscles to reach the peritoneum 
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Figure A2. (continued) 
11. Localization of first portion of cranial duodenum caudal to pyloric sphincter 
12.T-type cannula and instruments used to fix the cannula 
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Figure A2. (Continued) 
13. Insertion of the cannula into the intestinal lumen 
14. A purse-string suture was used to seal the intestinal incision 
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Figure A1. (Continued) 
15 . A piece of dacron is placed around the stem of the cannula to assure good seal 
and prevent leaking. 
16. Connection of trocar to pull the cannula through the incision 
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Figure A2. (Continued) 
17. Exteriorization of the cannula 
18. Closure of various layers of muscles and skin of the flank 
Figure A2. (Continued) 
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19. Steer immediately after surgery, (260 kg) 
Sampling of duodenal contents 
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Figure 2A. (Continued) 
21. Steer at the end of the trial, 480 kg 
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Table A1 Isolation of bacteria from rumen fluid 
Procedure: 
1. Collect at least 1000 ml or more of rumen fluid 2-3 h after feeding from each 
experimental animal. 
2. Filter rumen fluid through eight layers of cheese cloth. 
3. Mix equal volume of filtered rumen fluid and saline (0.9% NaCI). 
4. Centrifuge at 500 x g for 5 min. 
5. Decant supernatant fluid. 
6. Centrifuge supernatant fluid at 20,000 x g for 20 min. 
7. Wash resultant pellet with saline (0.9%) and centrifuge as above. 
8. Wash pellet once more with water and centrifuge again. 
9. Dry the resultant pellet in a freeze dryer or in a forced air oven at 60°C for 40 h. 
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Table A2. Purine determination 
Procedure: 
1. Weigh .5 g duodenal samples, .2 g bacteria and .3 g corn starch (to complete 
.5g) and yeast RNA standard (.05, .10, .15 and .25 g) plus starch as above, 
into 25 ml screw cap culture tubes provided with teflon-lined caps. 
2. Add 2.5 ml perchloric acid (70%), cap tightly and vortex. 
3. Incubate tubes for 60 min in a water bath at 90-95°C. 
4. Add 17.5 ml .0285 M NH4H2PO4, break the pellet, vortex. 
5. Incubate again for 30 min in a water bath at 90-95''C. 
6. Filter through Whatman # 4 filter paper. 
7. Transfer .5 ml filtrate into 15 ml centrifuge, add .5 ml AgNOa (.4 M) and 9 ml of ,2 
M NH4H2P04and let stand overnight. 
8. Centifuge tubes for 10 min and decant the supernatant fluid, being careful to not 
disturb the pellet. 
9. Wash pellet with water adjusted to pH 2.0 and repeat step 8. 
10. Add 10 ml of .5 N HCI and mix thoroughly. 
11. Cover tubes with a marble and incubate in a water bath 90-95°C. 
12. Dilute standards, usually 1 ml standard to 9 ml .5 N HCI. 
13. Read absorbance at 260 nm in a spectrophotometer using UV light. 
Reagents: 
Perchloric acid, 70% 
.0285 M NH4H2PO4 = 23 g/L distilled water 
.2 M NH4H2PO4 = 143 ml/Lof solution in # 2 (.0285 M NH4H2PO4) 
.5 N HCI = 41.85 ml concentrated HCI /L 
pH2 water (add H2SO4) 
.4 M AgNOa = 6.9 g/100 ml distilled water. 
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Table A2. (Continued) 
Calculation of microbial flow to the duodenum 
Note: bacterial and duodenal content values for CP are needed. Flow of DM 
to the duodenum from the chromium analysis is also required. 
1) A standard curve is prepared 
2) The absorbance readings from the bacterial and duodenal samples are 
interpolated into the standard curve. 
a) bacterial readings = g RNA / g bacteria 
b) duodenal readings = g RNA / g DM 
3) Determine g prot / g RNA 
g prot/g RNA = % CP in bacteria divided by g RNA/g bact (a, from 
above). 
Note: if bacterial protein is 52%, then use .52 
4) Determine the flow RNA (g/d) 
Flow RNA = flow DM (g) x g RNA/g DM (b, from above) 
5. Determine flow of microbial protein, g/d 
Flow of microbial protein = g prot/g RNA x flow RNA (g/d) 
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Table A3. Determination of chromium in duodenal and fecal samples 
Procedure: 
1. Ash 1 g sample (triplicate) in 30 ml crucible at 600 °C for 2 h. 
2. Cool. 
3. Add 1.5 ml phosphoric acid-manganese sulfate solution. 
4. Add 2 ml potassium bromate solution. 
5. Cover with watch glass and digest on a hot plate until effervescence ceases and 
purple color appears. 
6. Deliver 6.5 ml calcium chloride solution to 25 ml volumetric flask. 
7. Wash crucible after digestion is finished with distilled water and pour into 25 ml 
volumetric with calcium chloride solution. 
8. Fill to volume with distilled water. 
9. Allow settle at least 18 h. 
10. Filter solution from volumetric flask through Whatman No. 1 filter paper into 
plastic vial. 
11. Prepare standards: water (made up to 100 ml) 
Standard (ppm chromium) ml stock 
1 1.0 
2 2.0 
3 3.0 
5 5.0 
12. Prepare standards: samples "zero" time (feces from animals which were not 
dosed the chromium. 
a. Combine all "zero" time samples for each animal. 
b. 1 ppm: deliver .2 ml sodium dichromate (100 ppm) in 19.6 zero solution. 
c. 2 ppm: .4 ml sodium dichromate (100 ppm) in 19.4 zero solution. 
d. 5 ppm: 1.0 ml ml sodium dichromate (100 ppm) in 19.0 zero solution. 
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Table A3, (continued) 
13. Read in atomic absorption spectrophotometer at 357.9 nm. 
Reagents: 
1. Phosphoric acid-manganese sulfate solution: 
a. Manganese sulfate solution: 10.0 g MnS04 H2O in 100 ml distilled water. 
b. Add 30.0 ml manganese sulfate solution to 1 L of 85% H3PO4. 
2. Potassium bromate solution: 45 g KBrOa in 1 L distilled water. 
3. Calcium chloride solution: 41.6 g CaCb in 1 L distilled water. 
Chromium stock solution: 2.8285 g KCr207 in 1 L distilled water. 
Calculation of flow of DM and its constituents to the duodenum: 
The flow of DM to the duodenum was calculated from the amount of 
chromium ingested daily and the concentration of chromium in duodenal digesta. 
DM flow = Total daily Cr ingested (g) x concentration of Cr in duodenum. 
Calculation of digestibilities: 
DM digestibility was calculated from DM ingested and DM flow: 
Apparent DM digestion = (DM ingested - DM flow) / (DM ingested). 
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Table A4. Determination of neutral detergent fiber 
Procedure: 
a. Accurately weight .5 g of sample previously ground through a 1-mm screen onto 
weighing paper. 
b. Place sample in a 600 ml Berzelius beaker. 
c. Turn on fiber reflux rack. 
d. Turn on cooling water in reflux rack. 
e. Add 50 ml of neutral detergent solution to the Berzelius beaker. 
f. Carefully place the Berzelius beaker onto the rack (sample should boil in 10 
min). 
g. After 30 min of boiling, remove beaker from the reflux rack. 
h. Add 50 ml of neutral detergent solution and add 2 ml of amylase solution. 
i. Replace Berzelius beaker onto the rack. 
j. After 30 min of boiling, filter sample (under vacuum) through a pre-weighed dry 
50 ml Gooch crucible or pre-weighed Whatman No. 54 filter paper. 
k. Rinse beaker with hot water.and filter wash water. 
I. Wash fiber crucible twice with hot water and acetone. 
m. After filtration, place crucible with fiber in the oven at 100°C for overnight. 
n. Using tongs, crucibles are placed in the dissecator for a period of between 1 and 
6 h. 
0. Using tongs, weigh crucible. 
p. If ADF is to be determined by sequential analysis, then save crucible with fiber to 
proceed with the ADF procedure. 
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Table A4. (continued) 
Reagents: 
Neutral detergent solution 
Distilled water 
Sodium lauryl sulfate 
EDTA, sodium salt 
Sodium borate decahydrate 
Sodium phosphate, dibasic, anhydrous 
2-Ethoxyethanol (ethylene glycol 
Monoethyl ether) 
18.0 L 
540.0 g 
335.0 g 
122.6 g 
82.1 g 
180.0 ml 
1. Dissolve sodium EDTA and sodium borate in about 5 L of water in a clean 
carboy. 
2. Separately dissolve the disodium phosphate in about 1 L of water over heat. 
Add to carboy while still warm. 
3. Weigh sodium lauryl sulfate and add to carboy (warning: sodium lauryl sulfate 
should be weighed in a hood). 
4. Add remaining 12 L of water and 180.0 ml of ethoxyethanol. 
5. Check pH to see it is between 6.9 and 7.1. 
6. Addjust pH, if necessary, with HCI or NaOH. 
Preparation of amylase solution: 
1. Weigh .25 g of bacterial amylase (Sigma A-6380 Bacillus species Type ll-A) and 
dissolve in 90 ml of water. 
2. Add 10 ml of ethoxyethanol. 
3. Filter through Whatman No. 54 filter paper. 
4. Properly seal with parafilm and store in the refrigerator when not in use. Solution 
can be used over two weeks if stored in the refrigerator. 
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Table A5. Determination of acid detergent fiber 
1. Procedure: 
2. Turn on fiber reflux racks and cooling water. 
3. Place crucible with NDF on percolator tube and place in 600 ml Berzelius 
beaker. Add 150 ml of acid detergent solution to the beaker. 
4. Place beaker on reflux rack. 
5. Remove sample from the reflux rack exactly 1 hour after percolation 
begins. 
6. Rinse outside of the crucible with hot water into the Berzelius beaker and 
place crucible into filtration funnel. 
7. Rinse off percolator tube with hot water into the Berzelius beaker. 
8. Filter contents of the beaker through the crucible. 
9. Clean the beaker with hot water. 
10. Wash fiber in the crucible twice with hot water and acetone. 
11. After filtration, place crucible with fiber in the oven at lOOX overnight. 
12. Place crucible in dessicator (use tongs) for a period of between 1 and 6 
h. 
13. Weigh crucible (use tongs). 
Reagents 
Acid detergent solution 
Water 
Sulfuric acid, reagent grade 
Cetyltrimethylammonium bromide (CATB) 
17,117.0 ml 
882.72 ml 
360.0 ml 
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Table A5. (continued) 
a) Place all water in the carboy. 
b) Slowly add sulfuric acid to the carboy. 
c) Stirr with a magnetic stirring bar. 
d) Standardize the acid detergent solution as follows: 
- Weigh out .5 g of dry THAM and dissolve in 15 ml deionized 
water in a 25 ml Erienmeyer flask. 
- Add 2 drops of indicatior (methyl blue and bromo cresol). 
- Place acid solution to be tested in 5 ml buret. 
- Titrate THAM solution. 
- N H2SO4 = Wt. THAM / (.121136 X ml H2SO4 in tritation). 
- To adjust acid to 1.0 normal: (18000 x normality of acid) + 18 (ml of 
concentrated H2SO4 added) = 18000 x 1 N. 
- Add cetyltrimethylammonium bromide to the 18 L 1 N sulfuric acid. 
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Table A6. Determination of starch 
Procedure: 
a. Weigh sample: 1 g for forages, .5 g for grain in an 125 ml Erienmeyer 
flask. 
b. Mix with 1 ml 95% ethanol. 
c. Add slowly with stirring 40 ml 1 M NaOH. 
d. Heat mixture at 55°C for about 5 min. 
e. Add 20 ml 2 M acetic acid. 
f. Adjust pH to 4.8 with glacial acetic acid 2 ml. 
g. Add 1.5 - 2.0 ml Diazyme L-400 (Solvay enzymes, Elkhart, IN). 
h. Hold the digest in a water bath at 55°C for 1 h. 
i. Make the digest to volume (250 ml) with water. 
j. Shake vigorously and filter approximately 50 ml of the slurry through 
Whatman No. 4 filter paper. 
k. Make to volume (100 ml) with water an aliquot (2 ml) of the filtrate. 
I. Assay for glucose that final solution. 
Reagents and solutions for glucose determination 
Tris buffer solution: 
Trihydroxymethylaminomethane (Tris, 36.3 g) 
Sodium dihydrogen phosphate monohydrate (50 g) 
Glycerol (400 ml) 
• Dissolve all of above in water (500 ml). 
• Adjust pH of the solution to 7.0 with phosphoric acid. 
• Made up the mixture to volume (1000 ml) with water. 
85 
Table A6. (continued) 
Glucose oxidase and peroxidase solutions: 
These solutions are to be prepared fresh daily. 
• Dissolve 40 mg glucose oxidase (Type II Aspergillus niger, Sigma) in 40 
ml tris buffer. 
• Dissolve 10 mg peroxidase (Type I horseradish, Sigma) in 20 ml tris 
buffer. 
Chromoaen solution: 
This solution is to be prepared fresh weekly. 
• Dissolve 0-dianisidine dihydrochloride (50 mg) in 10 ml water. 
• Store solution at 5°C. 
Glucose oxidase - peroxidase - chromogen mixture: 
• Mix 40 ml glucose oxidase solution, 10 ml peroxidase solution and 1 ml 
chromogen solution. 
• Made to volume (250 ml) with Tris buffer. 
Glucose determination: 
a. Add 5 ml of the glucose oxidase-peroxidase-chromogen solution to an aliquot (1 
ml) of the glucoamylase digest in a culture tube. 
b. Vortex contents. 
c. Place the tubes in the dark for 1 h at 37 "C. 
d. Stop the reaction by addition of 2 ml 18 N sulfuric acid. 
e. Read absorbance of the solution at 540 nm against a reagent blank. 
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Table AS. (continued) 
Note: blank contains all reagents except starch 
Each day a standard curve should be prepared using a standard glucose 
solutiion (0 - 60 iig/ml). A stock solution of glucose (400 mg/L) containing benzoic 
acid (1 g/L) was stable for months at 5°C. 
Calculation of starch: 
% starch = (0.9) (M /10 ®) (100 ml/1 ml) (250A/o) 100/E) 
Where: 
M = |jg of glucose read from the standard curve 
Vo = aliquot from glucoamylase digest, 2 ml 
E = dry weight of sample, g 
A control sample of corn starch (starch ~ 99%, dry base) should be analysed 
each day. A correction factor is calculated to give 100% recovery. 
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Table A7. Determination of peptides in ruminal fluid 
Preparation of rumen fluid samples; 
1. Remove rumen fluid from animals (approx. 100 ml). 
2. Strain through 8 layers of cheese cloth. 
3. Keep sample at 39 °C and centrifuge at 120 g for 5 min. 
4. Centrifuge the supernatant at 28,000 g for 20 min at 4 °C. 
5. Add 5 ml of perchloric acid to 20 ml of cell-free supernatant and 
centrifuge once more at 28,000 g for 20 min at 4 °C. 
6. Make 20 ml of the supernatant alkaline by adding 5 ml of 2 M potassium 
carbonate. 
7. Centrifuge at 28,000 g for 20 min at 4 °C to remove the potassium 
perchlorate that was formed. 
Hydrolysis of sample: 
a. Add 5 ml of concentrated HCI to 5 ml of the neutralized PCA extract. 
b. Incubate under nitrogen in sealed bottles at 110 °C for 24 h. 
c. Filter hydrolyzed sample through glass filter paper 
d. Alkaline hydrolyzed samples are ready for the resin column (preparation of 
the resin for column is detailed in table 8A.). 
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Table AS. Preparation of cation exchange resin 
Supplies: 
1. Dowex-50 W (Dow Chemical Co.) strongly acidic cation exchange resin, 
hydrogen form, 8% cross-linked, 100-200 dry mesh, Sigma Chemical Co. 
2. Large, flat-bottom, filtering funnel. 
3. Large aspirator system fitting the above funnel. 
4. NaOH, reagent grade pellets. 
5. 36-38% concentrated HCI. 
6. Round paper filter. 
7. Volumetric flasks. 
8. Triple distilled H2O. 
9. 1000 ml beaker. 
10. Wide mouth large resin storage container. 
Preparation of resin: 
a. Dissolve 500 g Dowex resin in ~ 200 ml triple distilled water in 1000 ml beaker. 
b. Pour dissolved resin into funnel lined with one round filter (Whatman # 54) and 
aspirate until dry. 
c. Wash resin with 1 L 1 N NaOH by slowly pouring over resin in funnel, keeping 
the resin constantly wet till all NaOH has been poured over the resin. Allow the 
resin to aspirate completely (appears dry). Disconnect and empty the aspirator 
flask as often as necessary. 
d. Rinse the resin with 1 L triple distilled water, following the same procedure as 
above. 
e. Wash resin with 2 L 1 N HCI, following the same procedure as above. 
f. Rinse resin with 2 L triple distilled water, following the same procedure as above. 
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Table A8. (continued) 
g. Scrape aspirated resin from the funnel into the storage container using a funnel 
in the receptor container. Rinse down sides of funnel with triple distilled water 
into storage container. 
h. Add a large stir bar to the storage container. Let the contents of the storage 
container to settle for ~ 10 minutes and observe the balance between resin and 
water. 
i. To obtain the desired 50:50 ratio one will probably have to add more water to the 
observed difference. 
Procedure for suspending resin and setting-up exchange columns for the amino 
acids extraction assay: 
a. Re-suspend dowex resin by shaking in a circular fashion and placing storage 
container on a relatively fast stir plate. 
b. Using 5 ml pipetman, pipet 3 ml suspended resin into an extraction column. 
c. Wash column 4 times with 1 ml .01 N HCI. The correct technique is to pipet 1 ml 
HCI over the column and allow it to completely wash through the resin before 
adding another ml HCI. 
d. The column is now prepared for the addition of the sample. 
Procedure for filtration and elution of the sample through the column: 
1. Put 2 ml of sample in column 
2. Let it drain 
3. Rinse four more times with 1 ml .01 N HCI 
4. Let it drain 
5. Ready to collect in scintillation vials 
6. Rinse 4 times with 25 % NH4OH. 
7. Dry with air in a heating plate at 60 C 
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Table A8. (continued) 
8. Dilute the layer of amino acids with distilled water. 
Procedure for recycle the column: 
a. Wash column with 3 ml NaOH 
b. Wash the column with 3 ml distilled water 
c. Wash the column with 6 ml 1 N HCI 
d. Wash the column with 3 ml distilled water 
e. Cap the column 
f. Add 2 ml .01 N HCI 
g. Cover the column and place them in the refrigerator until next use. 
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Table A9. VFA analysis 
Preparation of rumen fluid: 
a. Collect rumen fluid and strain it through eight layers of cheese cloth. 
b. To aliquots of 10 ml of rumen fluid add 2 ml of 25% w/v metaphosphoric 
acid. 
c. If samples are frozen after sampling, thaw them and centrifuge at 10,000 x 
9 per 10 min. 
Preparation of VFA standard solutions 
VFA standard solution # 1 
1. In a chemical fume hood, using a calibrated pipette measure out exactly 
the following volatile fatty acids to a 100 ml volumetric flask which contains 
about 50 ml of deionized distilled water: 
Acetic acid (glacial), 300 |il 
Propionic acid, 200 ^1 
Isobutyric acid, 100 |il 
Butyric acid, 200 |il 
Isovaleric acid 100 |al 
2. Mix and then dilute to volume with deionized water and mix thoroughly. 
3. Store at -20 C in aliquots in screw-caps test tubes. 
4. Several concentrations can be prepared to run a standard curve. 
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Table A9. (continued) 
VFA standard solution # 2: 
a. Add exactly 5 ml of VFA standard solution # 1 into a test tube. 
b. Add 1 ml of a solution containing 184 mg/100 ml 2-ethyl-butyric acid 
(measure exactly 200 |il of 2-ethyl-butyric acid in 100 ml distilled water = 
184 mg/100 ml). 
c. Mix thoroughly and then transfer to several vials. 
d. Store in the refrigerator. These can be used as standards without further 
preparation. 
Final concentrations of the VFAs in standard solution # 2: 
Acetic acid, 262.15 mg/100 ml 
Propionic acid, 165.27 mg/100 mi 
Isobutyric acid, 79.86 mg/100 ml 
Butyric acid, 159.72 mg/100 ml 
Isovaleric acid, 78.47 mg/100 ml 
Valeric acid, 78.47 mg/100 ml 
Ethyl-butyric acid 29.31 mg/100 ml 
The standards were analyzed daily and a standard curve was prepared for each set 
of samples read daily. The ethyl-butyric acid was utilized as an internal standard. 
Adjustments were made according to the readings obtained from the standard curve 
and the standard in the sample. 
Gas chromatoqraph conditions: 
Column temperature: 120''C 
Injector temperature: 180 °C 
Detector temperature: 250 "C 
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Table A10. Determination of ammonia-N 
Preparation of the sample: 
a. Collect the rumen fluid and strain through eight layers of cheese cloth 
b. To an aliquot of 10 ml rumen fluid add .25 ml 16 N H2SO4 
c. Mix throughly. 
d. If the sample was frozen, thaw it and centrifuge at 10,000 x g for 10 min. 
Preparation of reagents: 
Alkaline phenol solution (2 L): 
1. 40 % NaOH (400 g NaOH + distilled water up to 1000 ml volume. 
2. Add to 4 L beaker and cool in water-ice bath. 
3. While in ice bath, add very slowly 560 ml of liquid phenol (89%). The less 
heat evolved, the better. 
4. After cooling transfer to 2 L volumetric and dilute up to 2 L 
Alkaline hypochlorite solution: 
Commercial Chlorox is satisfactory 
Brij solution: 
2-3 ml Brij 35 / L distilled water 
Standards: 
a. 400 ppm stock (1.5528 g of dried NH4S04 made up to 1000 ml volume) 
94 
Table A10 (continued) 
b. standard ppm ml stock/100 ml 
40 10 
120 30 
200 50 
280 70 
360 90 
400 stock solution 
Auto Analyzer procedure: 
1. Allow 2 hours for the dialyzer and heating bath to warm up. 
2. Run Brij + water through lines for 15 min. 
3. Place tubes in correct solution for 15-20 min. 
4. Adjust baseline to 98% transmittance. 
5. Let water run through lines for 30 min at shut down. 
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APPENDIX B. ADDITIONAL TABLES 
Table B1. Effect of ionophore and supplemental N treatment on VFA concentrations 
in ruminal fluid of steers 
DIETS SIGNIFICANCE 
UREA UREA+ SBM SBM + SEM P' M' P*M' 
TOTAL VFA, mM 
Time post-feeding 
0 80.50 78.35 97.40 72.85 5.17 NS <0.10 NS 
1 82.01 89.20 120.07 85.58 7.35 NS <0.05 NS 
2 75.83 89.38 104.66 77.84 7.68 NS NS <0.05 
3 85.44 110.20 110.45 106.92 7.33 NS NS <0.10 
4 76.89 77.21 108.43 69.70 8.78 NS <0.10 <0.10 
5 89.31 94.85 113.95 106.01 8.58 <0.10 NS NS 
6 84.45 80.62 103.82 86.60 8.42 NS NS NS 
7 97.50 103.54 100.59 104.68 5.80 NS NS NS 
8 84.83 77.49 100.35 88.03 8.38 NS NS NS 
9 98.29 103.24 104.90 101.20 10.00 NS NS NS 
10 107.33 102.11 107.02 112.16 4.97 NS NS NS 
Acetic acid. o 
E
 
o
 
o
 
o
 
E
 
0 63.17 58.74 55.92 59.72 2.07 NS NS NS 
1 64.13 59.89 54.49 59.81 2.60 NS NS NS 
2 62.88 61.36 59.01 61.29 3.65 NS NS NS 
3 64.53 60.63 54.40 61.10 3.16 NS NS NS 
4 63.35 59.10 58.30 59.62 3.40 NS NS NS 
5 66.20 59.47 53.77 60.21 3.30 <0.10 NS NS 
6 63.71 59.55 58.02 61.03 3.38 NS NS NS 
7 65.86 60.59 53.05 59.3 3.32 <0.10 NS NS 
8 64.78 66.43 56.40 60.34 3.38 <0.10 NS NS 
9 52.08 59.42 49.48 60.00 4.03 NS NS NS 
10 64.59 58.75 51.49 60.05 3.37 NS NS <0.10 
Propionic acid, moi.100 mol"^ 
0 21.58 29.66 33.69 40.69 8.23 NS NS NS 
1 20.79 28.33 30.72 26.29 4.28 NS NS NS 
2 20.98 27.78 28.99 25.7 4.83 NS NS NS 
3 19.90 27.81 31.77 26.32 4.32 NS NS NS 
4 20.89 29.48 29.92 27.72 4.90 NS NS NS 
5 19.65 29.04 33.47 27.76 4.72 NS NS NS 
6 21.15 29.84 30.68 28.05 5.01 NS NS NS 
7 19.56 28.53 34.40 28.96 4.68 NS NS NS 
8 20.55 23.84 31.94 29.02 4.06 <0.10 NS NS 
9 15.99 29.40 37.25 29.17 4.96 NS NS NS 
10 20.62 29.78 35.75 28.58 4.76 NS NS NS 
® Main effect of protein supplementation. 
" Main effect of ionophore. 
Main effect of protein-ionophore interaction. 
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Table B1. (continued) 
DIETS SIGNIFICANCE 
UREA UREA + SBM SBM + SEM pa M" P^M^ 
Butyrate, mol.100 mol"' 
0 10.44 9.25 7.73 9.82 1.99 NS NS NS 
1 10.80 9.23 10.22 10.39 1.81 NS NS NS 
2 11.40 9,04 8.76 10.32 1.67 NS NS NS 
3 11.29 8.94 9.68 9.55 1.76 NS NS NS 
4 11.51 9.46 8.85 10.09 1.60 NS NS NS 
5 10.52 8.75 8.83 8.78 1.74 NS NS NS 
6 11.19 8.62 8.37 9.04 1.55 NS NS NS 
7 10.69 7.92 8.61 8.21 1.87 NS NS NS 
8 10.68 7.37 8.67 8.70 1.65 NS NS NS 
9 10.20 7.70 8.99 8.30 1.66 NS NS NS 
10 10.49 8.19 8.69 7.98 1.88 NS NS NS 
Valerate, mol.100 mol"' 
0 1.65 .27 2.12 1.43 .77 NS NS NS 
1 1.18 .78 2.45 1.59 .22 <0.01 <0.05 NS 
2 1.68 1.46 1.30 1.29 .76 NS NS NS 
3 1.15 1.22 2.35 1.36 .29 <0.10 NS NS 
4 1.41 .25 1.64 1.20 .67 NS NS NS 
5 .98 1.21 2.24 1.43 .27 <0.05 NS <0.10 
6 1.27 .30 1.62 .57 .46 NS <0.10 NS 
7 1.00 1.41 2.17 1.54 .37 NS NS NS 
8 1.30 .48 1.63 .56 .44 NS <0.10 NS 
g 
.95 1.57 2.34 1.45 .44 NS NS <0.10 
10 1.03 1.43 2.19 1.39 .33 NS NS NS 
Acetate:propionate ratio 
0 3.19 2.60 1.78 2.92 .23 NS NS <0.01 
1 3.17 2.51 1.87 2.74 .46 NS NS NS 
2 3.27 2.81 2.16 3.13 .60 NS NS NS 
3 3.40 2.69 1.84 2.84 .53 NS NS NS 
4 3.28 2.56 2.10 2.93 .57 NS NS NS 
5 3.60 2.52 1.76 2.81 .56 NS NS <0.10 
6 3.30 2.55 2.06 2.93 .60 NS NS NS 
7 3.63 2.65 1.71 2.72 .53 NS NS NS 
8 3.40 2.94 1.96 2.91 .55 NS NS NS 
9 3.75 2.39 1.55 2.69 .55 NS NS NS 
10 3.37 2.38 1.57 2.75 .54 NS NS <0.10 
® Main effect of protein supplementation. 
" Main effect of ionophore. 
Main effect of protein-ionophore interaction. 
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Table B2. Effect of ionophore and supplemental N treatment on branched-chain 
volatile fatty acids concentration in ruminal fluid of steers 
DIETS SIGNIFICANCE 
UREA UREA + SBM SBM + SEM pa M" P'M*" 
Isobutyrate, mol.100 mol'^ 
Time, post-feeding 
0 .14 .14 .10 .17 .03 NS NS NS 
1 .31 .34 .47 .38 .08 NS NS NS 
2 .09 .10 .06 .11 .03 NS NS NS 
3 .39 .14 .34 .34 .05 NS <0.10 <0.10 
4 .08 .10 .06 .12 .02 NS <0.10 NS 
5 .21 .14 .29 .36 .04 <0.01 NS NS 
6 .12 .11 .06 .10 .03 NS NS NS 
7 .29 .16 .30 .43 .02 <0.001 NS <0.01 
8 .09 .11 .06 .17 .05 NS NS NS 
9 .31 .25 .40 .39 .06 NS NS NS 
10 .44 .28 .37 .37 .07 NS NS NS 
Isovalerate, , mol.100 mo!" 
0 2.98 1.91 1.29 1.69 1.07 NS NS NS 
1 2.76 1.47 1.63 1.46 .52 NS NS NS 
2 2.95 1.46 1.30 1.29 .65 NS NS NS 
3 2.71 1.25 1.44 1.31 .50 NS NS NS 
4 2.70 1.58 1.21 1.26 .54 NS NS NS 
5 2.42 1.38 1.39 1.44 .44 NS NS NS 
6 2.55 1.56 1.22 1.18 .47 NS NS NS 
7 2.56 1.36 1.43 1.47 .48 NS NS NS 
8 2.56 1.74 1.27 1.19 .44 NS <0.10 NS 
9 2.68 1.62 1.52 1.44 .48 NS NS NS 
10 2.80 1.56 1.48 1.59 .54 NS NS NS 
' Main effect of protein supplementation. 
" Main effect of ionophore. 
Main effect of protein-ionophore interaction. 
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Table B3. Effect of ionophore and supplennental N treatment on pH in ruminal fluid of 
steers 
DIETS SIGNIFICANCE 
UREA UREA + SBM SBM + SEM M^ P*M= 
Time post-feeding 
0 5.88 5.82 5.55 6.13 .13 NS <.10 <.05 
1 6.05 5.95 5.51 6.01 .15 NS NS <.10 
2 5.92 5.82 5.53 5.90 .15 NS NS NS 
3 5.81 5.77 5.67 5.82 .15 NS NS NS 
4 5.85 5.78 5.56 5.85 .12 NS NS NS 
5 5.82 5.77 5.51 5.72 .09 <.10 NS NS 
6 5.81 5.75 5.57 5.81 .08 NS NS NS 
7 5.75 5.66 5.71 5.80 .13 NS NS NS 
8 5.77 5.71 5.56 5.88 .06 NS < 1 0  <.05 
9 5.72 5.63 5.60 5.76 .12 NS NS NS 
10 5.77 5.78 5.57 5.71 .08 NS NS NS 
® Main effect of protein supplementation. 
" Main effect of ionophore. 
Main effect of protein-ionophore interaction. 
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Table B4. Effect of Ionophore and supplemental N treatment on ammonla-N in 
ruminal fluid of steers 
DIETS SIGNIFICANCE 
UREA UREA + SBM SBM + SEM pa M" P*M' 
Time post -feeding 
0 13.67" 10.75 13.30 17,62 1.4 <.10 NS <.05 
1 38.35 33.62 21.77 29.7 6.2 NS NS NS 
2 33.15 37.07 27.20 28.77 4.7 NS NS NS 
3 24.02 26.00 24.55 23.47 4.4 NS NS NS 
4 21.87 23.35 19.80 20.02 3.2 NS NS NS 
5 17.95 21.77 17.95 19.42 4.7 NS NS NS 
6 16.42 14.7 17.8 17.3 2.8 NS NS NS 
7 14.40 12.02 16.85 19.80 4.3 <.10 NS NS 
8 20.65 12.42 12.55 18.82 2.4 NS NS <.05 
9 20.37 7.47 14.02 16.20 2.8 NS <.05 <.01 
10 18.67 10.62 13.25 16.85 1.4 NS NS <.001 
^ Main effect of protein supplementation. 
" Main effect of ionophore. 
Main effect of protein-ionophore interaction. 
'' mg/dl. 
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Table B5. Effect of ionophore and supplemental N treatment on concentrations 
(mg N) of free amino acids and amino acids from peptides in ruminal fluid of steers 
DIETS SIGNIFICANCE 
UREA UREA + SBM SBM + SEM P® M" P*M= 
free amino acids, mgN 
Time, post-feeding 
0 9.7 17.4 16.0 19.3 3.2 NS NS NS 
1 26.8 26.2 22.7 21.0 2.6 NS NS NS 
2 22.9 24.7 24.2 20.4 1.2 NS NS <.10 
3 18.9 20.8 19.8 18.4 2.1 NS NS NS 
4 15.1 17.8 17.7 15.6 2.8 NS NS NS 
5 12.4 13.8 16.0 12.5 .9 NS NS <.05 
6 13.8 14.2 13.8 14.0 1.5 NS NS NS 
7 16.3 10.6 13.7 13.4 1.1 NS <.05 <0.05 
8 14.6 8.6 12.1 12.9 1.4 NS NS <.05 
9 14.4 13.3 12.7 15.9 2.4 NS NS NS 
10 16.6 12.0 12.2 15.1 1.7 NS NS <.10 
amino acids from peptides, mgN 
0 31.2 20.3 25.7 26.1 3.6 <.05 NS NS 
1 16.7 15.7 36.2 35.6 8.4 NS NS NS 
2 20.6 15.3 23.3 24.2 5.0 NS NS NS 
3 20.3 20.3 32.8 35.8 6.3 <.10 NS NS 
4 24.1 24.1 32.6 29.3 6.7 NS NS NS 
5 27.1 26.2 31.5 38.1 9.9 NS NS NS 
6 22.3 32.3 30.5 35.7 5.5 NS NS NS 
7 22.7 33.4 37.2 28.3 4.8 NS NS <.10 
8 19.1 34.9 28.1 31.0 8.5 NS NS NS 
9 18.8 33.0 31.8 31.3 7.1 NS NS NS 
10 20.0 33.3 29.0 28.0 5.3 NS NS NS 
® Main effect of protein supplementation. 
" Main effect of ionophore. 
Main effect of protein-ionophore interaction. 
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Table B5. Effect of ionophore and supplemental N treatment on concentrations 
(mg/L citrulline) of free amino acids and amino acids from peptides in ruminal fluid of 
steers 
DIETS SIGNIFICANCE 
UREA UREA + SBM SBM + SEM pa M" P*M'= 
free amino acids, mg/L critulline 
Time, post-feeding 
0 99.5 64.1 67.4 69.7 18.2 NS NS NS 
1 112.5 109.8 95,2 88.0 11.9 NS NS NS 
2 96.2 130.4 101.4 85.6 5.2 NS NS <.10 
3 80.8 87.4 83.1 77.1 9.6 NS NS NS 
4 63.5 74.6 74.2 65.4 5.4 NS NS NS 
5 52.3 57.8 67.3 52.6 3.9 NS NS <.05 
6 57.8 59.7 57.8 58.7 6.4 NS NS NS 
7 68.6 44.7 57.7 56.2 4.6 NS <.05 <0.05 
8 61.2 36.1 51.0 54.3 5.8 NS NS <.05 
9 60.4 55.9 53.3 66.7 10.0 NS NS NS 
10 69.8 48.8 51.4 63.5 7.4 NS NS < 1 0  
amino acids from peptides, mg/L citrulline 
0 97.0 111.0 96.7 129.1 15.2 NS NS NS 
1 69.9 66.3 151.9 123.0 24.2 <.05 NS NS 
2 86.4 64.1 97.7 101.4 21.1 NS NS NS 
3 85.3 85.4 137.6 150.2 26.5 <.10 NS NS 
4 101.0 101.2 136.6 143.9 23.8 NS NS NS 
5 113.9 110.1 132.3 159.9 41.6 NS NS NS 
6 93.6 135.6 128.1 149.7 23.0 NS NS NS 
7 95.1 139.7 155.9 118.6 20.7 NS NS <.10 
8 80.0 146.2 117.7 129.8 36.1 NS NS NS 
9 78.8 138.3 133.3 131.2 30.0 NS NS NS 
10 81.8 139.7 121.7 117.6 22.7 NS NS NS 
® Main effect of protein supplementation. 
" Main effect of ionophore. 
Main effect of protein-ionophore interaction 
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